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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2006-

352998, filed Dec. 27, 2006, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an art for improving a
quality and a reliability of a semiconductor device, and par-
ticularly, the present invention relates to an art for improving,
a quality and a reliability of a semiconductor device by
improving a decay durability 1n the vicinity of a wiring to be
installed 1n an mterlayer-insulator-film formed by stacking a
plurality of insulator films including a low-relative-dielectric-
constant-film.

2. Description of the Related Art

In recent years, for speed-up of a semiconductor device
including an LSI, lowering of wiring resistance and lowering
of relative dielectric constant of an interlayer-insulator-film
or the like have been promoted. Specifically, a material of
wiring 1s changed from aluminum (Al) into copper (Cu). In
addition, as an interlayer-insulator-film, a low-relative-di-
clectric-constant-film (a low-k film) 1s also changed from a
simple S10, film 1nto a S10, film having fluorine doped
thereon, and a S10,, film containing an organic constituent.

The low-relative-dielectric-constant-film 1s formed by
lowering a density of a material or eliminating a polarity of
the maternial or the like. For example, 1n order to lower the
density of the material, generally, the material 1s made
porous. Thus, since the low-relative-dielectric-constant-film
has a low film density, generally, the low-relative-dielectric-
constant-film has a low mechanical property value such as a
Young’s modulus or the like. In other words, the low-relative-
dielectric-constant-film has a low strength of the matenial
itself. In addition, the low-relative-dielectric-constant-film
has a film structure with low polarity for lowering the dielec-
tric constant in the film. Therefore, an adhesive strength on a
stacking boundary face 1n a stacked insulator film formed by
stacking the low-relative-dielectric-constant-film with each
other or stacking the low-relative-dielectric-constant-film
and other film 1s low. Specifically, a material of a film changes
its nature depending on saturation of gas that 1s used on
machining and forming a via hole and a groove for a wiring or
the like on the low-relative-dielectric-constant-film and a
machining process. Thereby, there 1s concern that the
mechanical strength of the material 1tself of the low-relative-
dielectric-constant-film may be lowered, or the adhesive
strength on the boundary face in the stacked insulator film
including the low-relative-dielectric-constant-film may be
lowered.

A shortage of a strength caused by a weakness of the film
strength of this low-relative-dielectric-constant-film 1s a seri-
ous obstacle and particularly, this shortage of the strength
becomes a factor of lowering a quality, a reliability, a perfor-
mance or the like of the entire semiconductor device 1n a
multi-layer process to form a multi-layer structure of the
wiring in the interlayer-insulator-film formed by the stacked
insulator film 1ncluding the low-relative-dielectric-constant-
film. For example, as one main failure caused by a weakness
of the film strength of the low-relative-dielectric-constant-
film, separation of an 1nsulator film boundary face in a CMP
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step may be considered. Specifically, in the case that a region
made only of an insulator film having no wiring spreads
widely to some extents, separation of a boundary face will
casily occur 1n the interlayer-insulator-film due to a stress
generated by a friction between a polishing pad and a surface
of a wafer in performing CMP. Therefore, 1n order to prevent
such a separation of a boundary face, an art for introducing a
reinforcement member having a high strength such as a metal
in the region made only of an 1nsulator film having no wiring
has been suggested. For example, in Jpn. Pat. Appln. KOKAI
Publication No. 2005-150389, an art for arranging a dummy
wiring, a dummy plug or the like that does not configure an
actual energizing path in the low-relative-dielectric-constant-
film has been suggested. Thereby, by easing a stress that 1s
generated by a friction between surfaces of the polish pad and
the wafer in performing CMP and 1s applied to the interlayer-
insulator-film, a quality, reliability, performance or the like of
the entire semiconductor device are intended to be improved.

An effect of easing the stress on the CMP step by this
dummy wiring depends not only on a coverage of the dummy
wiring but also on a size of the dummy wiring. However, in
practice, an art for optimizing the size of the dummy wiring
has not been substantially studied yet. Therefore, a stress
lowering effect due to the dummy wiring has not been fully
achieved, so that a concern that the boundary face 1s separated
in the CMP has not been completely solved yet. In addition, 1n
designing of the dummy wiring, a designing method 1n con-
sideration of a mechanical property value of the interlayer-
insulator-film employing the low-relative-dielectric-con-
stant-film has not been used. Therefore, every time a
generation of the semiconductor device and the design rule
thereof 1s changed or a type of the interlayer-insulator-film 1s
changed, 1t1s necessary to decide a dummy wiring structure in
which the boundary face 1s hardly separated by a trial and an
error while expending large amounts of masks and lots. As a
result, until a desired dummy wiring structure i1s obtained,
many steps, much manpower, much time, and much cost have
been expended. Then, even in the case that optimization of the
s1ze of the dummy wiring in consideration of a mechanical
property value of the mterlayer-insulator-film including the
low-relative-dielectric-constant-film 1s not carried out, there
was high possibility that a defect of the device 1s generated
due to the boundary face separation in the CMP.

Thus, according to a conventional dummy wiring art, a
crucial failure1s easily generated 1in the semiconductor device
and the manufacturing method thereof. In other words, a
quality, reliability, a performance or the like of the semicon-
ductor device 1s lowered and the defective semiconductor
device 1s easily manufactured. As a result, a manufacturing
yield of the semiconductor device 1s lowered and a manufac-
turing elliciency of the semiconductor device 1s easily low-
ered. Further, a manufacturing cost of the semiconductor
device 1s difficult to control.

BRIEF SUMMARY OF THE INVENTION

According to as an aspect of the invention, there 1s pro-
vided a semiconductor device comprising: at least two layers
of interlayer-insulator-films stacked above a substrate and at
least partially formed by a low-relative-dielectric-constant-
f1lm having a relative-dielectric-constant o1 3.4 or less respec-
tively; a plurality of wirings provided at least one within each
of the interlayer-insulator-film and at least partially located
within the low-relative-dielectric-constant-films; a plurality
of plugs provided at least one within each of the interlayer-
insulator-film and connected to a lower part of the wirings;
and a plurality of reinforcement members provided at least
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one within each of the interlayer-insulator-film with being
separated from the wirings at a predetermined 1nterval, elec-
trically cut from the wirings and the plugs, and at least par-
tially located within the low-relative-dielectric-constant-
films; and wherein, for each of the reinforcement member, a
value obtained by dividing an area of a part that 1s exposed on
an upper face of each of the interlayer-insulator-film by an
length of a part contacting each of the iterlayer-insulator-
f1lm of the part that 1s exposed on the upper face of each of the
interlayer-insulator-film 1s defined to be S; a Young’s modu-
lus of a respective layer on which the plug 1s provided among
the interlayer-insulator-films 1s defined to be E,; a Young’s
modulus of a respective layer on which the wiring 1s provided
among the interlayer-insulator-films 1s defined to be E,;; a
Young’s modulus of the wirings 1s defined to be E, ; a film
thickness of a respective layer on which the plug 1s provided
among the interlayer-insulator-films 1s defined to be d »; a film
thickness of arespective layer on which the wiring 1s provided
among the interlayer-insulator-films are defined to be d;;; a
coverage of the reinforcement member per unit area 1n an area
in the interlayer-insulator-films where the reinforcement
members are provided 1s defined to be R; and the S, the E ,, the
E,.the E, . thed,, the d . and the R satisty a relation shown

in the following formula for each of the mterlayer-insulator-
film:

EpXdp+ (EwX{(l —=R)+ Ey xR)xdw]“-4 3

0.025 %
( dp +dw

EpXdp+ (EwX(1l =R+ Eyy X R) Xdy ]“-4

S < 0.0625
< X( dp +a'w

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a cross sectional view showing a semiconductor
device according to a first embodiment;

FIG. 2 1s a plan view showing the semiconductor device
shown 1n FIG. 1 as seen from above;

FIG. 3 1s a plan view showing a dummy wiring provided to
the semiconductor device shown in FIG. 1 as seen from
above;

FIG. 4 1s a cross sectional view showing a semiconductor
device according to a second embodiment; and

FIGS. 5A, 5B, 5C, 5D, and 5E are plan views showing a

dummy wiring according to a third embodiment as seen from
above.

DETAILED DESCRIPTION OF THE INVENTION

The respective embodiments according to the present
invention will be described with reference to the drawings
below.

First Embodiment

First, a first embodiment according to the present invention
will be described with reference to FIGS. 1 to 3.

According to the present embodiment, an art for preventing
separation of an interlayer-insulator-film 1n a CMP step 1n a
semiconductor device having a multi-layer structure, in
which a plurality of interlayer-insulator-films at least partially
including a so-called low-relative-dielectric-constant-film
respectively 1s stacked and a first wiring layer as a lower
wiring layer and a second wiring layer as an upper wiring,
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layer are set on predetermined two interlayer-insulator-films
among the respective interlayer-insulator-films will be
described. Specifically, when providing upper and lower
elfective wirings to construct an actual energizing path within
cach of the first and second wiring layers, a dummy wiring
that does not construct an actual energizing path 1s aligned
near these elffective wirings. In this case, in considerationof a
strength and a thickness of a film to configure each interlayer-
insulator-film 1n which the first and second wiring layers are
set, the strength of the upper and lower effective wirings, or a
coverage of the dummy wiring or the like, the shape and the
size or the like of the dummy wiring are defined. Thereby,
generation of separation of the interlayer-insulator-film 1n a
CMP step 1in forming the multi-layer structure 1s efficiently
prevented. Hereinaftter, the first embodiment will be specifi-
cally described 1n detail.

First, with reference to FIGS. 1 to 3, a semiconductor
device 1 and a manufacturing method thereof according to the
present embodiment will be collectively described.

First, a wiring structure of the nth layer (n 1s a natural
number of 1 or larger) of the semiconductor device 1 1s
formed. Specifically, as shown 1n FIG. 1, an interlayer-insu-
lator-film 3 of an n-th layer 1s provided on a semiconductor
substrate 2 made of silicon (S1) on which semiconductor

device or the like (not 1llustrated) 1s formed. Here, the inter-
layer-insulator-film 3 of the nth layer 1s formed into a two-
layer structure formed by a stacking film including a lower-
layer 1nsulator film 3a and an upper-layer insulator film 35.
First, as a lower insulator film, a porous silicon oxide film (a
porous S10, film) 3a 1s deposited by a CVD method. This
porous S10,, film 3a has arelative-dielectric-constant of about
2.2. Accordingly, this porous S10, film 3a 1s a kind of a
so-called low-relative-dielectric-constant-film (a low-k {ilm)
having a relative dielectric constant o1 3.4 or less. In addition,
the porous S10, film 3a has a Young’s modulus showing its
mechanical strength of about 3 GPa. Then, on this porous
S10, film 34, a silicon oxide film (a S10,) film 35 that 1s a
general insulator film as an upper layer insulator film 1s accu-
mulated and deposited by a plasma CVD method. This S10,
film 35 has a relative dielectric constant of about 4.0 and a
Young’s modulus of about 55 GPa.

Next, a wiring 4 of the nth layer as wiring of the bottom
layer 1s provided within the interlayer-insulator-film 3 of the
nth layer. This wiring 4 of the nth layer 1s embedded and
tformed within the mterlayer-insulator-film 3 of the nth layer
together with a barrier metal film (not illustrated) by a CMP
method or the like. In addition, this wiring 4 of the nth layer
may be formed by copper (Cu), aluminum (Al), or an alloy
containing any of these metal elements. The wiring 4 of the
n-th layer constructs an actual energizing path 1n the semi-
conductor device 1 together with a wiring 8 of the n+1th layer
and a wiring 17 of the (n+2 )th layer to be described later or the
like. Accordingly, the wiring 4 of the nth layer 1s also referred
to as an elfective wiring. In addition, the porous S10,, film 3a
and the S10, film 35, on which the efiective wiring 4 1s
formed, are also referred to as a wiring layer of the nth layer
collectively. By these steps, the wiring structure of the nth
layer of the semiconductor device 1 1s formed.

Next, the wiring structure of the (n+1)th layer of the semi-
conductor device 1 will be formed. Specifically, first, an inter-
layer-insulator-film 5 of the (n+1 )th layer 1s provided on the
interlayer-insulator-film 3 of the nth layer, in which the wir-
ing 4 of the nth layer 1s embedded and formed. Here, the
interlayer-insulator-film 5 of the (n+1)th layer 1s formed into
a four-layer structure including a first interlayer-insulator film
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Sa, a second 1insulator film 55, a third insulator film 5S¢, and a
fourth insulator film 54 from a lower side toward an upper
side.

First, onthe S10, film 35, a silicon carbon (S1C) film Sa that
1s a general insulator film 1s deposited as a first insulator film
with a film thickness of about 35 nm by a plasma CVD
method. This S1C film 5a functions as a so-called etching,
stopper film to prevent the S10,, film 35 and the wiring 4 of the
n-th layer from being etched when forming a via hole 7 of the
(n+1)th layer to be described later within the interlayer-insu-
lator film 5 of the (n+1 )th layer. The S1C {ilm 5a has a Young’s
modulus of about 20 Gpa and has higher strength than that of
the low relative-dielectric-constant-film. Therefore, the S1C
film Sa may also function as a reinforcement film to prevent
a via plug 6 of the (n+1)th layer to be provided within the via
hole 7 and be described later from being displaced by the
CMP step when embedding the wiring 8 of the (n+1)th layer
to be connected to the via plug 6 of the (n+1 )th layer and to be
described later within the interlayer-insulator film 5 of the
(n+1)th layer or from being separated from the wiring 4 of the
nth layer by holding the via plug 6 of the (n+1)th layer.

Then, on the Si1C film 54, as the second insulator film, a
polymethyl siloxane film 55 1s deposited with a film thickness
of about 135 mm. Specifically, first, a varnish having a mate-
rial of the polymethyl siloxane film 55 or polymethyl siloxane
as a precursor of the polymethyl siloxane film 54 dissolved 1n
a solvent 1s spin-coated on a surface of the Si1C film Sa by
using a coater (not illustrated). Then, after mounting a semi-
conductor substrate 2 on which a varnish 1s coated on a hot
plate that 1s kept warm at about 80° C., a heating processing,
of about one minute 1s applied. Subsequently, after mounting
the semiconductor substrate 2 to which heating processing of
about 80° C. 1s applied on a hot plate that 1s kept warm at about
200° C., further, a heating processing ol about one minute 1s
applied. Then, after mounting the semiconductor substrate 2
to which heating processing of about 200° C. 1s applied on a
hot plate that 1s kept warm at about 450° C., further, a heating,
processing of about thirty minutes 1s applied under a nitrogen
atmosphere. Thereby, on the S1C film 5q, a polymethyl silox-
ane film 5b1s deposited. This polymethyl siloxane film 56 has
a relative-dielectric-constant of about 2.5 and 1s a kind of a
low-relative-dielectric-constant-film. In addition, the polym-
cthyl siloxane film 35 has a Young’s modulus of about 3 GPa
similarly to the porous S10, film 3a of the n-th layer that 1s
described above.

Subsequently, on the polymethyl siloxane film 55, as the
third insulator film, a porous S10, film Sc 1s deposited with a
film thickness of about 110 nm by the CVD method. This
porous S10, film 5¢ of the (n+1)th layer has a relative-dielec-
tric-constant of about 2.2 similarly to the above-mentioned
porous S10, film 3a of the n-th layer and i1s a kind of a
low-relative-dielectric-constant-film. In addition, the porous
S10,, film 5¢ has a Young’s modulus of about 3 GPa similarly
to the above-mentioned porous S10, film 3a and the polym-
cthyl siloxane film 3b. Then, as a fourth insulator film, a
carbon-containing S10, film (a S10C film) 54 1s formed on
this porous S10, film 5¢ with a film thickness of about 50 nm
by the plasma CVD method. This S10C film 54 of the (n+1)th
layer has a relative-dielectric-constant of about 3.0 and 1s a
kind of a low-relative-dielectric-constant-film. Further, a
Young’s modulus of this S10C film 54 1s about 10 GPa.

By these steps, the interlayer-insulator film 3 of the (n+1 )th
layer formed by a four-layer complex imsulator film including
the S1C film 5a, the polymethyl siloxane film 554, the porous
S10, film ¢, and the S10C {ilm 54, of which film qualities and
film kinds are different from each other, 1s deposited on the
interlayer-insulator film 3 of the n-th layer. In other words, 1n
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the interlayer-insulator film 5 of the (n+1)th layer with a
tour-layer structure, the second layer to the fourth layer from
the lower side are formed by a low-relative-dielectric-con-
stant-film and only the first layer as the bottom layer 1s formed
by a general 1nsulator film.

Next, the via hole 7 for providing the via plug 6 of the
(n+1)th layer to be connected to the upper part of the wiring
4 of the nth layer and a wiring groove 9 for providing the
wiring 8 of the (n+1 )th layer to be connected to the upper part
of the via plug 6 are formed within the interlayer-insulator
f1lm 5 of the (n+1 )th layer. Specifically, first, at the position of
the upper part of the wiring 4 of the nth layer where the via
plug 6 1s provided, by eliminating the S10C film 5d, the
porous S10, film Sc, and the polymethyl siloxane film 556
along their film thickness directions until the upper face of the
S1C film 5a 1s exposed by an RIE method, an hole (not
illustrated) 1s formed. Subsequently, at the position of the
upper part of this hole where the wiring 8 1s provided, by
climinating the S10C film 354 and the porous S10, film 5¢
along their film thickness directions by the RIE method, the
upper face of the polymethyl siloxane film 556 1s exposed.
Thereby, the wiring groove 9 to be communicated with the
upper part of the hole 1s formed 1n the S10C film 54 and the
porous S10, film 5¢. After this, by eliminating the S1C film 5
located on the lower part of the hole by the RIE method, the
upper face ol the wiring 4 of the nth layer 1s exposed. Thereby,
the via hole 7 to be commumnicated to the lower part of the
wiring groove 9 1s formed 1n the polymethyl siloxane film 556

and the S1C film 5a.

In addition, 1n the interlayer-insulator film 3 of the (n+1)th
layer, not only the via plug 6 and the wiring 8 but also a
reinforcement member 10 of the (n+1 )th layer for preventing
generation of an msulator film separation such as a boundary
face separation in the interlayer-insulator-film 5 and in the
vicinity of the interlayer-insulator-films 5 in the CMP step
when embedding and forming the via plug 6 and the wiring 8
in the interlayer-insulator-films 5 are provided. At least one
reinforcement member 10 1s provided in the interlayer-insu-
lator-film 5 being electrically cut from the wiring 8 and the via
plug 6 and being separated from the wiring 8 by at least a
predetermined interval. In addition, the reinforcement mem-
ber 10 1s positioned 1 an 1nner part of any one of the low-
relative-dielectric-constant-films 55, 5S¢, and 3d, at leasta part
of which forms the interlayer-insulator-film 5. In this case, as
shown 1n FIG. 1, a plurality of the reinforcement members 10
1s provided in the porous S10, film 5¢ and the S10C film 5d
constructing a layer in the interlayer-insulator-film 5 where
the wiring 8 1s provided, being electrically cut from the wiring,
8 and the via plug 6 and being separated from the wiring 8 by
at least an interval X, . In this case, the interval X, 1s deter-
mined to be about 2 um. Then, here, according to the same
method as the method for providing the wiring 8, a plurality
of the reinforcement members 10 1s provided 1n parallel with
providing of the wiring 8 surrounding the periphery of the
wiring 8.

Specifically, first, grooves for a reinforcement member 11
for providing the reinforcement member 10 are formed at
plural positions 1n the interlayer-insulator-film 5 1n parallel
with forming of the wiring groove 9 by the same step as that
for forming the wiring groove 9. These grooves for a rein-
forcement member 11 are formed at approximately the same
height as the wiring groove 9 and at approximately the same
depth as the wiring groove 9 1n the S10C film 54 and the
porous S10, film 5c¢. More specifically, these respective
grooves for a reinforcement member 11 are formed at plural
positions 1n the S10C film 54 and the porous S10, film 5¢
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surrounding the periphery of the wiring groove 9, being sepa-
rated from the wiring groove 9 by at least about 2 um.

Next, although the illustration thereof 1s omitted, a barrier
metal layer 1s provided covering inner faces of the via hole 7,
the wiring groove 9, and the grooves for a reinforcement
member 11 and the surface of the wiring 4 of the nth layer that
1s exposed by the via hole 7. This barrnier metal layer is
deposited on the entire surface of the interlayer-insulator-film
5 of the (n+1)th layer under an atmosphere of about 150° C.
by a sputtering method, for example. This barrier metal layer
may be formed by using any of a Ta film, a T1 film, a Nb film,
and a W {ilm made of an elemental substance of each of
tantalum (Ta), titanium (T11), niobium (Nb) and tungsten (X).
Alternatively, this barrier metal layer may be formed by using,
any of a TaN film, a TiN film, a NbN film, and a WN {ilm made
of a nitride of Ta, T1, Nb, and W. Further, this barrier metal
layer may be formed by using a stacked film containing at
least two kinds of films among Ta film, T1 film, Nb film, W
film, TaN film, TiN film, NbN film, WN film, a ruthenium
(Ru) film, and a rhodium (Rh) film.

Next, insides of the via hole 7, the wiring groove 9, and the
grooves for a remnforcement member 11 to which the barrier
metal layer 1s provided, a conductive material to be the via
plug 6, the wiring 8, and the reinforcement members 10 1s
arranged. The via plug 6, the wiring 8, and the reinforcement
members 10 may be formed by using Cu, Al, or an alloy
containing any of the metal elements similarly to the above-
described wiring 4 of the nth layer. In this case, all of the via
plug 6, the wiring 8, and the reinforcement members 10 are
tformed by using Cu. Specifically, first, a Cu plating seed layer
that 1s the base of the via plug 6, the wiring 8, and the
reinforcement members 10 1s deposited on the entire surface
of the barrier metal layer by the sputtering method. Then, a Cu
plating film that 1s a main part of the via plug 6, the wiring 8,
and the reinforcement members 10 1s deposited on the entire
surface of the Cu plating seed layer by an electrolytic plating
method until insides of the viahole 7, the wiring groove 9, and
the grooves for a reinforcement member 11 1s filled. This Cu
plating film 1s deposited to be integrated with the Cu plating,
seed layer. Thereby, a Cu film to be the via plug 6, the wiring,
8, and the reinforcement members 10 entirely covers the
surface of the barrier metal layer to be deposited insides of the
via hole 7, the wiring groove 9, and the respective grooves for
a reinforcement member 11. A Young’s modulus of this Cu
f1lm 1s about 130 GPa.

Next, the Cu film that 1s arranged 1n the via hole 7, the
wiring groove 9, and the respective grooves for a remforce-
ment member 11 1s annealed. Although the illustration
thereol1s omitted, this anneal processing will be carried out in
a temperature range of about 150° C. to 300° C. by using an
clectric furnace, a hot plate, or the like and under an atmo-
sphere of a forming gas or a nitrogen gas. In addition, a time
required for this anneal processing 1s about one hour when
using the electric furnace and 1s about one to five minutes
when using the hot plate.

Next, unnecessary barrier metal layer and Cu film provided
outsides of the via hole 7, the wiring groove 9, and the respec-
tive grooves for a reinforcement member 11 are eliminated.
Specifically, a barrier metal layer and a Cu film deposited on
the surface of the S10C film 5d that 1s the insulator film of the
top layer of the interlayer-insulator-film 5 of the (n+1)th layer
are polished and eliminated by the CMP method. Thereby, the
barrier metal layer and the Cu layer are lett only insides of the
via hole 7, the wiring groove 9, and the respective grooves for
areinforcement member 11. In other words, the via plug 6, the
wiring 8, and the reinforcement members 10, of which side
parts and bottom parts are covered with the barrier metal
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layer, are embedded and formed 1n the interlayer-insulator-
film S of the (n+1)th layer in parallel.

The via plug 6 1s arranged with 1ts upper part located 1n the
polymethyl siloxane film 55 that 1s a low-relative-dielectric-
constant-film and 1ts lower part located 1n the S1C film 5a
having a higher strength than the low-relative-dielectric-con-
stant-film. In addition, the wiring 8 1s formed as a so-called
dual damascene wiring having a lower part to which the via
plug 6 1s connected integrally. In addition, the wiring 8 1s
located 1n the porous S10, film 3¢ and the S10C film 54 that
are the low-relative-dielectric-constant-films and 1ts lower
face 1s connected to the polymethyl siloxane film 54 that 1s
also the low-relative-dielectric-constant-film via the barrier
metal layer.

In addition, as shown 1n FIG. 1, the reinforcement mem-
bers 10 are arranged to be electrically cut from the wiring 8
and the via plug 6. Therewith, a plurality of the reinforcement
members 10 1s arranged surrounding the periphery of the
wiring 8, being separated from the wiring 8 by at least about
2 um. Similarly to the wiring 8, these respective the reinforce-
ment members 10 are also located 1n the porous S10,, film Sc
and the S10C film 34 with 1ts lower face contacting the
polymethyl siloxane film 55 via the barrier metal layer.

According to these steps, the wiring structure of the (n+1)
th layer of the semiconductor device 1 i1s formed. Further, a
more specific setting related to the size, the shape, or the
arrangement of the reinforcement member 10 of the (n+1)th
layer will be described 1n detail later.

The wiring 8 of the (n+1)th layer configures an actual
energizing path of the semiconductor device 1 together with
the via plug 6 of the (n+1)th layer that 1s formed to be inte-
grated with the wiring 8 of the (n+1 )th layer and the wiring 4
of the nth layer that 1s indirectly connected to the wiring 8 of
the (n+1)th layer via thus via plug 6. On the contrary, the
reinforcement members 10 of the (n+1)th layer are not elec-
trically connected to the wiring 8, the via plug 6 or the like, so
that they do not configure the actual energizing path of the
semiconductor device 1. As a result, 1n the later descriptions,
in order to clearly distinguish the wiring 8 of the (n+1)th layer
from the reinforcement members 10 of the (n+1 )th layer, the
wiring 8 will be referred to as a effective wiring of the (n+1)th
layer and the reinforcement members 10 will be referred to as
a dummy wiring of the (n+1)th layer. In addition, the lower
two layers on which the via plug 6 1s formed among the
interlayer-insulator film 5 of the (n+1)th layer, namely, the
S1C film Sa and the polymethyl siloxane film 55 will be also
referred to as a via layer of the (n+1 )th layer or a plug layer 12
collectively. Similarly, the upper two layers on which the
clfective wiring 8 and the respective dummy wirings 10 are
formed among the interlayer-insulator film 5 of the (n+1)th
layer, namely, the porous S10, film 5¢ and the S10C film 54
will be also referred to as an wiring layer 13 of the (n+1)th
layer collectively.

Next, the wiring structure of the (n+2)th layer of the semi-
conductor device 1 1s formed. Specifically, first, an interlayer-
insulator-film 14 of the (n+2)th layer 1s provided on the inter-
layer-insulator-film 5 of the (n+1)th layer, in which the via
plug 6, the effective wiring 8, and the respective dummy
wirings 10 of the (n+1)th layer are embedded and formed.
Here, similarly to the above-described interlayer-insulator-
f1lm 5 of the (n+1 )th layer, the interlayer-insulator-film 14 of
the (n+2)th layer i1s also formed into a four-layer structure
including a first insulator film 14a, a second insulator film
145, a third insulator film 14¢, and a fourth insulator film 144
from a lower side toward an upper side.

First, a silicon carbon nitride film (S1CN {ilm) 14q that 1s
general as the first msulator film 1s deposited with a film
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thickness of about 50 nm by the plasma CVD method, cov-
ering the surfaces of the S10C film 54 that 1s the msulator film
on the top layer of the interlayer-insulator-film 5 of the (n+1)
th layer, the effective wiring 8, and the respective dummy
wirings 10. Similarly to the above-described S1C film Sa of
the (n+1)th layer, this S1CN {ilm 14a functions as an etchmg
stopper {1lm to prevent the S10C {ilm 54, the effective wiring
8, and the respective dummy wirings 10 from being etched
when forming the via hole 16 of the (n+2)th layer to be
described later in the interlayer-insulator-film 14 of the (n+2)
th layer. In addition, the Young’s modulus of the S1CN film
14a 1s about 100 GPa, so that the strength thereof 1s remark-
ably higher than that of the S1C film 5a. Therefore, similarly
to the S1C film 5a, the S1CN film 14a may also function as a
reinforcement film to prevent a via plug 15 of the (n+2)th
layer to be provided in the via hole 16 and be described later
from being displaced by the CMP step when embedding a
wiring 17 of the (n+2)th layer to be connected to the via plug
16 and be described later in the interlayer-insulator-film 14 of
the (n+2)th layer or from being separated from the effective
wiring 8 of the (n+1)th layer by holding the via plug 15.

Then, on the S1CN film 144, as the second 1nsulator film, a
carbon-containing S10,, film (S10C film) 145 1s formed with
a film thickness of about 230 nm by the plasma CVD method.
This S10C film 145 of the (n+2)th layer has a relative dielec-
tric constant of about 3.0 similarly to the above-described
S10C film 54 of the (n+1)th layer and 1s a kind of a low-
relative-dielectric-constant-film. Further, a Young’s modulus
of the S10C film 145 1s about 10 GPa similarly to the S10C
film 5d. Then, on this S10C film 1454, as the third insulator
{1lm, the porous S10,, film 14¢ 1s formed with a film thickness
of about 175 nm by the plasma CVD method. This porous
S10, film 14c¢ of the (n+2)th layer also has a relative dielectric
constant of about 2.2 similarly to the above-described porous
S10, film 3a of the n-th layer and porous S10, film Sc of the
(n+1)th layer and 1s a kind of a low-relative-dielectric-con-
stant-film. Further, a Young’s modulus of the porous S10,
film 14c¢ 1s also about 3 GPa similarly to each of the porous
S10,, films 3a and Sc. Then, on this porous S10, film 14¢, as
the fourth insulator film, the S10, film 144 1s fermed with a
film thickness of about 50 nm by the plasma CVD method.
This S10,, film 14d of the (n+2)th layer also has a relative
dielectric constant of about 4.0 similarly to the above-de-
scribed S10, film 35 of the n-th layer and 1s a general insulator
film. Therewith, a Young’s modulus of the S10, film 144 1s
about 55 GPa similarly to the S10, film 35.

According to these steps, similarly to the above-described
interlayer-insulator film 5 of the (n+1 )th layer, the interlayer-
insulator-film 14 of the (n+2)th layer formed by a four-layer

complex insulator film having different film qualities and film
kinds of the S1CN film 14qa, the S10C film 145, the porous
S10, film 14c¢, and the S10, film 144 1s deposited on the
interlayer-insulator film 3 of the (n+1)th layer. In other words,
in the interlayer-insulator-film 14 of the (n+2)th layer formed
in a four-layer structure, the second layer and the third layer,
1.. the two intermediate layers are configured by the low-
relative-dielectric-constant-film, and the first layer, 1.e. the
bottom layer and the fourth layer, 1.e. the top layer are con-
figured by a general insulator film.

Next, the via plug 15 of the (n+2)th layer to be connected to
the upper part of the effective wiring 8 of the (n+1)th layer and
the wiring (eflfective wiring) 17 of the (n+2)th layer to be
connected to the upper part of the via plug 15 are arranged 1n
the 1nterlayer-insulator-film 14 of the (n+2)th layer. There-
with, the reinforcement members (dummy wirings) 19 of the
(n+2)th layer are arranged in the interlayer-insulator-film 14

of the (n+2)th layer. These via plug 135, effective wiring 17,
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and dummy wiring 19 of the (n+2)th layer may be formed by
the same method as the above-described method for forming
the via plug 6, effective wiring 8, and dummy wiring 10 of the
(n+1)th layer. Herematter, this method will be briefly
described.

First, at the position of the upper part of the effective wiring
8 of the (n+1)th layer where the via plug 15 1s arranged, by
climinating the S10, film 144, the porous S10, film 14¢, and
the S10C film 145 along their film thickness directions by the
RIE method until the upper face of the SiCN film 14q 1s
exposed, a hole 1s formed (not 1llustrated). Then, at the posi-
tion of the upper part of this hole where the effective wiring 17
1s arranged, by eliminating the S10,, film 144 and the porous
S10, film 14¢ along their film thickness directions by the RIE
method, the upper face of the S10OC film 145 15 exposed.
Thereby, the wiring groove (etlective wiring groove) 18 for
arranging the eflective wiring 17 of the (n+2)th layer 1s com-
municated with the upper part of the hole to be formed in the
S10,, film 144 and the porous S10,, film 14c.

In addition, 1n parallel with forming of the effective wiring
groove 18, atplural positions surrounding the periphery of the
elfective wiring groove 18, by eliminating the S10,, film 144
and the porous 510, film 14¢ along their film thickness direc-
tions by the RIE method, the upper face of the S10C film 1456
1s exposed. Thereby, dummy wiring grooves (grooves for a
reinforcement member) 20 for arranging the dummy wiring
19 of the (n+2)th layer are formed at plural positions in the
S10, film 14d and the porous S10, film 14¢ at approximately
the same height as that of the effective wiring groove 18 and
with approximately the same depth as that of the effective
wiring groove 18.

Similarly to the respective dummy wiring grooves 11 of the
(n+1)th layer, a plurality of the respective dummy wiring
grooves 20 of the (n+2)th layer are separated from the effec-
tive wiring groove 18 by at least a predetermined interval X,
surrounding the periphery of the eflective wiring groove 18.
In this case, the interval X, 1s determined to be about 2 um
similarly to the interval X between the effective wmng 8 and
the dummy wiring 10 of the (n+1)th layer. Further, 1n FIG. 1,
the respective dummy wiring grooves 20 that are formed on
the left side of the effective wiring groove 18 among a plu-
rality of the dummy wiring grooves 20 are only 1llustrated.
After this, by eliminating the S1CN film 14a on the lower part
of the hole by the RIE method, the upper face of the effective
wiring 8 of the (n+1 )th layer 1s exposed. Thereby, the via hole
16 for providing the via plug 15 of the (n+2)th layer 1s formed
in the S1CN {ilm 14a and the S10C film 145 to be communi-
cated with the lower part of the effective wiring groove 18.

Next, the barrier metal layer of the (n+2)th layer (not 1llus-
trated) 1s entirely deposited on the surface under an atmo-
sphere of about 150° C. by the sputtering method, covering
inner faces of the via hole 16 of the (n+2 )th layer, the effective
wiring groove 18, the respective dummy wiring grooves 20
and the surface of the effective wiring 8 of the (n+1)th layer
that 1s exposed by the via hole 16, and the surface of the S10,,
film 144 that 1s a film of the top layer of the interlayer-
insulator-film 14 of the (n+2)th layer or the like. Then, while
filling 1sides of the via hole 16, the effective wiring groove
18, and the respective dummy wiring grooves 20 on which the
barrier metal layer of the (n+2)th layer 1s arranged, by the
sputtering method and the electrolytic plating method, the Cu
f1lm of the (n+2)th layer 1s deposited on the entire surface of
the barrier metal layer of the (n+2)th layer. The Young’s
modulus of this Cu film of the (n+2)th layer 1s also about 130
GPa similarly to that of the above-described Cu film of the
(n+1)th layer. Then, the anneal processing 1s applied to the Cu
film of the (n+2)th layer under the same condition as the Cu
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film of the (n+1 )th layer. After this, unnecessary barrier metal
layer and Cu film are polished and eliminated by the CMP
method, which are arranged outsides of the via hole 16, the
elfective wiring groove 18, and the respective dummy wiring
grooves 20. Thereby, the via plug 15, the effective wiring 17,
and the respective dummy wirings 19 of which side part and
bottom part are covered with the barrner metal layer, are
embedded and formed 1n the interlayer-insulator-film 14 of
the (n+2)th layer 1n parallel.

The viaplug 151s arranged with 1ts upper part located in the
S10C film 145 that 1s a low-relative-dielectric-constant-film
and its lower part located in the SiCN film 14 having a higher
strength than the low-relative-dielectric-constant-film. In
addition, similarly to the above-described effective wiring 8
of the (n+1)th layer, the effective wiring 17 1s formed as a dual
damascene wiring having a lower part to which the via plug
15 1s connected integrally. In addition, the effective wiring 17
1s arranged with 1ts upper part located 1n the general S10,, film
144, of which strength 1s higher than the low-relative-dielec-

tric-constant-1ilm, and 1ts lower part located 1n the porous
S10, f1lm 14c¢ that 1s the low-relative-dielectric-constant-film.

Further, the lower face of the effective wiring 17 contacts the
S10C film 146 that 1s also the low-relative-dielectric-con-
stant-film via the barrier metal layer.

In addition, as shown 1n FIG. 1, the respective dummy
wirings 19 are provided, being electrically cut from the effec-
tive wiring 17 and the via plug 15. In practice, a plurality of
the respective dummy wirings 19 1s separated from the effec-
tive wiring 17 by at least 2 um, surrounding the periphery of
the effective wiring 17. In FIG. 1, the respective dummy
wirings 19 provided on the left side of the effective wiring 17
are only 1illustrated. In addition, similarly to the effective
wiring 17, these respective dummy wirings 19 are arranged
with their upper parts located 1n the S10, film 144 and their
lower parts located 1n the porous S10,, film 14¢. Further, the
lower faces of the respective dummy wirings 19 contact the
S10C film 1456 via the barrier metal layer.

In addition, the effective wiring 17 ofthe (n+2)th layer may
configure an actual energizing path of the semiconductor
device 1 together with the via plug 15 of the (n+2 )th layer that
1s formed to be integrated with the effective wiring 17, the
elfective wiring 8 and the via plug 6 of the (n+1)th layer that
are 1ndirectly connected to the effective wiring 17 via this via
plug 15, and the effective wiring 4 of the n-th layer. On the
contrary, similarly to the respective dummy wirings 10 of the
(n+1)th-layer, the respective dummy wirings 19 of the (n+2)
th layer do not configure the actual energizing path of the
semiconductor device 1.

According to these steps, the wiring structure of the (n+2)
th layer of the semiconductor device 1 1s formed. In other
words, the semiconductor device 1 according to the present
embodiment having a multi-layer wiring structure shown 1n
FIG. 1 1s obtained. Further, a more specific setting related to
the sizes, the shapes, or the arrangements of the respective
dummy wirings 19 of the (n+2)th layer will be also described
in detail later together with the setting related to the sizes, the
shapes, or the arrangements of the respective dummy wirings
10 of the (n+1)th layer. In addition, the lower two layers on
which the via plug 15 1s formed among the interlayer-insula-
tor-11lm 14 of the (n+2)th layer, namely, the S1CN {ilm 144
and the S10C film 145 will be also referred to as a via layer of
the (n+2)th layer or a plug layer 21 collectively. In the same
way, the upper two layers on which the effective wiring 17
and the respective dummy wirings 19 are formed among the
interlayer-insulator-film 14 of the (n+2)th layer, namely, the
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porous S10, film 14c¢ and the S10, film 144 will be also
referred to as a wiring layer 22 of the (n+2)th layer collec-
tively.

FIG. 2 1s a plan view showing the semiconductor device 1,
on which a wiring structure of an (n+2)th layer 1s formed, as
seen from above. In addition, FIG. 1 1s a cross sectional view
showing the semiconductor device 1 along a break line Y-Y'1n
FIG. 2. In FIG. 2, the region extended from a dashed-two
dotted line D, that 1s drawn along the effective wiring 17 of
the (n+2)th layer to the outside 1s the region where the dummy
wirings 19 are aligned. Then, 1n FIG. 2, in the region that 1s
surrounded by the dashed-two dotted line D, and a dashed-
two dotted line D, that 1s drawn outside of the dashed-two
dotted line D,, there 1s a unit area D, for calculating a cov-
crage R by the dummy wiring 19 to be described later. Fur-
ther, 1n FI1G. 2, 1n order to facilitate visualization of the draw-
ing, only a part of a plurality of the dummy wirings 19 to be
arranged 1n the dummy wiring forming area of the (n+2)th

layer 1s illustrated and the illustration of the remaining
dummy wirings 19 1s omitted.

FIG. 3 shows a shape and an arrangement pattern of each of
the respective dummy wirings 10 and 19 of the (n+1)th layer
and the (n+2)th layer. As shown in FIG. 3, the respective
dummy wirings 10 and 19 are formed 1n a square 1n which a
length of one si1de 1s a. According to the present embodiment,
the length “a” of one side of the respective dummy wirings 10
and 19 1s determined to be about 0.1 to several um. Then, 1n
the dummy wiring forming areas in the respective interlayer-
insulator-film 5 and 14 of the (n+1)th layer and the (n+2)th
layer, the respective dummy wirings 10 and 19 shaped 1n a
square are aligned so as to regularly form a dotted pattern 1n
a planar view and surround the respective effective wirings 8
and 17. Thus, in the case that a pattern to regularly form the
dummy wirings 10 and 19 of a predetermined shape 1s aligned
within the dummy wiring forming area, as shown in FIG. 3,
defining the smallest unit of a shape to be repeated 1n a planar
view as a unit area D, ,, a coverage of the dummy wirings 10
and 19 can be obtained.

Next, with reference to FIGS. 1 to 3, setting of the size,
shape, and arrangement or the like of the respective dummy
wirings 10 of the (n+1)th layer and the respective dummy

wirings 19 of the (n+2)th layer will be specifically described
in detail.

According to the present embodiment, as described above,
when arranging the effective wiring 8 of the (n+1)th layer
within the interlayer-insulator film 35 of the (n+1)th layer
including the polymethyl siloxane film 35, the porous S10,
film 3¢, and the S10C film 54 of the (n+1)th layer that are
low-relative-dielectric-constant-films, the respective dummy
wirings 10 of the (n+1)th layer are also arranged surrounding
the periphery of the effective wiring 8. Thereby, concentra-
tion of a stress 1n the vicinity of the effective wiring 8 1s eased,
which 1s generated by a friction between surfaces of a polish
pad (not illustrated) and the interlayer-insulator-film 5 (the
S10C film 5d) and the effective wiring 8 when embedding and
forming the effective wiring 8 of the (n+1)th layer in the
interlayer-insulator film S of the (n+1)th layer by the CMP
step. Further, a film separation, namely, a so-called boundary
face separation 1s prevented from being generated by a stress
generated 1n the CMP step on each boundary face of the Si1C
f1lm 3a, the polymethyl siloxane film 55, the porous S10, film
5¢, and the S10C film 5d to configure the interlayer-insulator-
film 5. Alternatively, a boundary face separation 1s prevented
from being generated on a boundary face between the inter-
layer-insulator-film 5 and the interlayer-insulator-film 3 of

the n-th layer (S10,, film 35).
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In the same way, when arranging the effective wiring 17 of
the (n+2)th layer in the interlayer-insulator-film 14 of the
(n+2)th layer including the S10C film 144 and the porous
S10, film 14c¢ that are the low-relative-dielectric-constant-
films, the respective dummy wirings 19 of the (n+2)th layer
are also aligned surrounding the periphery of the effective
wiring 17. Thereby, concentration of a stress 1n the vicinity of
the effective wiring 17 1s eased, which 1s generated by a
friction between surfaces of a polish pad (not 1llustrated) and
the interlayer-insulator-film 14 (the S10, film 144) and the
elfective wiring 17 when embedding and forming the effec-
tive wiring 17 of the (n+2)th layer 1n the interlayer-insulator-
film 14 of the (n+2)th layer by the CMP step. Further, a
boundary face separation 1s prevented from being generated
by a stress generated 1n the CMP step on each boundary face
of the S1CN film 14a, the S10C film 1454, the porous S10C,
film 14¢, and a S10C, film 144 to configure the interlayer-
insulator-film 14. Alternatively, a boundary face separation 1s
prevented from being generated on a boundary face between
the interlayer-insulator-film 14 and the interlayer-insulator
film 35 of the (n+1)th layer (S10C film 3d).

According to the present embodiment, 1n order to elfli-
ciently obtain such an efifect for easing a stress 1n the CMP
step, the respective dummy wirings 10 of the (n+1)th layer
and the respective dummy wirings 19 of the (n+2)th layer will
be aligned 1n accordance with a rule to be described below for
cach layer.

First, for the wiring structure of the (n+1)th layer, a value
obtained by dividing the area of the part that 1s exposed on the
upper face of the interlayer-insulator film 5 of the (n+1)th
layer among the respective dummy wirings 10 of the (n+1 )th
layer by a length of the part contacting the interlayer-insula-
tor-11lm 5 of the exposed portion 1s defined to be S (um). In
other words, S 1s a value obtained by dividing the exposed
areas of the respective dummy wirings 10 by a sum of the
lengths of boundary faces between the exposed portions and
the interlayer-insulator-film 3. In addition, a Young’s modu-
lus of the above-described via layer 12 of the (n+1)th layer
where the above-described via plug 6 of the (n+1)th layer 1s
arranged 1n the iterlayer-insulator film 3 of the (n+1)th layer
1s defined to be E, (GPa). In addition, a Young’s modulus of
the wiring layer 13 of the (n+1)th layer where the above-
described effective wiring of the (n+1)th layer 8 1s arranged 1n
the interlayer-insulator film 5 of the (n+1 )th layer1s defined to
be E;;- (GPa). In addition, a Young’s modulus of the effective
wiring 8 of the (n+1)th layer 1s defined to be E,, (GPa). In
addition, a film thickness of the via layer 12 of the (n+1)th
layer 1n the interlayer-insulator film 3 of the (n+1)th layer 1s
defined to be d, (nm). In addition, a film thickness of the
wiring layer 13 of the (n+1 )th layer 1n the interlayer-insulator
f1lm 5 of the (n+1)th layer 1s defined to be d;;- (nm). Further, a
coverage of each dummy wiring 10 of the (n+1)th layer per
unit area D, ,on the upper face of the interlayer-insulator film
5 of the (n+1)th layer excluding the area where the effective
wiring 8 of the (n+1)th layer 1s defined to be R.

In the same way, for the wiring structure of the (n+2)th
layer, a value obtained by dividing the area of the part that 1s
exposed on the upper face of the interlayer-insulator-film 14
of the (n+2)th layer among the respective dummy wirings 19
of the (n+2)th layer by a length of the part contacting the
interlayer-insulator-film 14 1n the exposed portion 1s defined
to be S (um). In addition, a Young’s modulus of the above-
described via layer 21 of the (n+2)th layer where the above-
described via plug 15 of the (n+2)th layer 1s arranged in the
interlayer-insulator-film 14 of the (n+2)th layer 1s defined to
be E, (GPa). In addition, a Young’s modulus of the wiring,
layer 22 of the (n+2 )th layer where the above-described effec-
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tive wiring 17 of the (n+2)th layer 1s arranged 1n the inter-
layer-insulator-film 14 of the (n+2)th layeris definedtobe E .
(GPa). In addition, a Young’s modulus of the effective wiring
17 of the (n+2)th layer 1s defined to be E, , (GPa). In addition,
a film thickness of the via layer 21 of the (n+2)th layer 1n the
interlayer-insulator-film 14 of the (n+2)th layer 1s defined to
be d, (nm). In addition, a film thickness of the wiring layer 22
of the (n+2)th layer 1n the interlayer-insulator-film 5 of the
(n+2)th layer 1s defined to be d,;, (nm). Further, a coverage of
cach dummy wiring 19 of the (n+2)th layer per unit area D,
on the upper face of the interlayer-insulator-film 14 of the
(n+2)th layer excluding the area where the effective wiring 17

of the (n+2)th layer 1s defined to be R.

Under such definitions, the shape, the size or the like of the
respective dummy wirings 10 and 19 will be determined so
thatS, E,, E -, E,, d,, d;;» and R satisty a relation shown by
the following formula (1) for each of the respective interlayer-
insulator-film 5 and 14.

(1)

EpXdp+ (Ew X(1 =R+ Eiyy X R) X dw )“-4 3

0.025 X
( dp -I-dW

EpXdp+ (Ew X{1 =R+ Ey xR)xdw]“-4

S < 0.0625
< X( dp + dw

In this formula (1), the following formula (2) shows a
complex Young's modulus of the (n+1)th layer, which 1s a
Young’s modulus within the dummy wiring forming area of
the entire interlayer-insulator film 5 of the (n+1)th layer
where the via layer 12 of the (n+1)th layer 1s added to the
wiring layer 13 of the (n+1)th layer. Alternatively, they show
the complex Young’s modulus of the (n+2)th layer, which 1s a
Young’s modulus within the dummy wiring forming area of
the entire interlayer-insulator-film 14 of the (n+2)th layer
where the via layer 21 of the (n+2)th layer 1s added to the
wiring layer 22 of the (n+2)th layer.

(2)

(prdp+(Ew><(l - R+ Ey xR)xdw]
dp + dw

Generally, when embedding and forming the wiring 1n the
interlayer-insulator-film i1t by the CMP method, a relatively
large load 1s given to the upper part of the wiring by a friction
between the polish pad and the wiring. Due to this external
load, a stress 1s concentrated on the wiring and the via plug to
be connected to the lower part of the wiring. Then, due to this
stress concentration, a defect due to a boundary face separa-
tion 1s easily generated mside and outside of the interlayer-
insulator-film. Such a phenomenon 1s generated more easily
in the case that at least a part of the interlayer-insulator-film 1s
formed by a low-relative-dielectric-constant-film, of which
f1lm structure 1s scarcer and mechanical strength 1s lower than
a general insulator film. Particularly, in the case that at least a
part of the wiring 1s arranged reaching the nside of the low-
relative-dielectric-constant-film, this phenomenon 1s more
remarkable.

The specific and detailed explanation referring to illustra-
tion 1s omitted; however, 1n order to resolve a mechanism of
generation of a defect of a boundary face separation in such a
CMP step, the mventors of the present imnvention conducted
various separation tests and analysis by a stress simulation.
As aresult of this analysis, 1t has become clear that the stress
to be given to the wiring and the via plug 1n the CMP step
depends on the complex Young’s modulus of a material to
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form the wiring layer and the via layer, and the coverage and
the size of the wiring. Then, 1t has become clear that, by
aligning the respective dummy wirings 10 and 19 so as to
satisiy the above-described formula (1), the stress concentra-
tion on the respective eflective wirings 8 and 17 and the
respective via plugs 6 and 15 1n the CMP step 1s efficiently
cased so as to efficiently prevent a defect due to separation of
an 1nsulator film such as a boundary face separation. In other
words, 1t has been know that, in the semiconductor device 1
having the above-described multi-layer wiring structure, by
aligning the respective dummy wirings 10 and 19 so as to
satisiy the above-described formula (1) for each of the respec-
tive iterlayer-insulator-films 5 and 14, 1t 1s possible to effi-
ciently prevent separation of the interlayer-insulator-film
when embedding the respective effective wirings 8 and 17 in
the respective interlayer-insulator-films 5 and 14 by the CMP
method to be formed contacting the respective low-relative-
dielectric-constant-films 5b, 5¢, 3d, 14b, and 14¢ forming a
part of the interlayer-insulator-films 5 and 14.

In addition, as described above, the respective via layers 12
and 21 and the respective wiring layers 13 and 22 of the
(n+1)th layer and the (n+2)th layer according to the present
embodiment are configured by a stacked film of two layers of
the insulator film. In such a case, 1 order to accurately cal-
culate the above-described formula (1), the Young’s modulus
E_. of the respective via layers 12 and 21 and the Young’s
modulus E ;- of the respective wiring layers 13 and 22 are
replaced by a complex Young’s modulus E_. that 1s the
Young’s modulus of the entire stacking layers to configure the
respective via layers 12 and 21 and the respective wiring,
layers 13 and 22. In the same way, a {ilm thickness d, of the
respective via layers 12 and 21 and a film thickness d;;- of the
respective wiring layers 13 and 22 are replaced by a total film
thickness d.- that 1s the film thickness of the entire stacking,

layers to configure the respective via layers 12 and 21 and the
respective wiring layers 13 and 22.

These complex Young’s modulus E_. and the total film

thickness d- can be obtained by the following formulas (3)
and (4).

Z Ed, (3)
Ee = —
C Z a
(i: Natural number not less than 1)
(4)

dT:de

(i: Natural number not less than 1)

In the formula (3), E, represents a Young’s modulus E, of
the 1-th msulator film from top or bottom 1n the respective
insulator films to configure the respective via layers 12 and 21
and the respective wiring layers 13 and 22. In addition, 1n the
tformula (3) and the formula (4), d, represents the film thick-
ness ol the i1-th insulator film from top or bottom in the
respective msulator films to configure the respective via lay-
ers 12 and 21 and the respective wiring layers 13 and 22.
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Next, a plurality of samples manufactured by the inventors
of the present invention on the basis of the above-described
present embodiment will be described with reference to
Tables 1 to 6. These respective samples according to the
present embodiment are manufactured on the basis of the
setting to be described next.

First, as shown 1n FIG. 3, the respective dummy wirings 10
and 19 are formed 1nto a square 1 which a length of one side
1s a. In thus case, by changing the value of “a” that 1s an index
of sizes of the respective dummy wirings 10 and 19 1n incre-
ments of about 0.1 um orabout 0.5 um up to about 0.1 to 2 um,
a plurality of dummy wirings 10 and 19 having difierent sizes
are formed and they are 12 kinds 1n total. Then, these respec-
tive dummy wirings 10 and 19 having various sizes are
aligned within the respective interlayer-insulator-films 5 and
14 of the (n+1)th layer and the (n+2)th layer so as to form a
dotted pattern as shown 1n FIG. 3. In this case, these respec-
tive dummy wirings 10 and 19 are set so that a coverage R of
the respective dummy wirings 10 and 19 takes different three

values of about 11%, 25%, and 44% for each layer of the
(n+1)th layer and the (n+2)th layer.

Then, for each sample manufactured on the basis of such a
setting, presence/absence of the mnsulator film separation of
the interlayer-insulator-film 5 of the (n+1)th layer after the
clifective wiring 8 of the (n+1)th layer 1s embedded and
formed by the CMP method 1s observed by using an optical
microscope. The observation results for these iterlayer-in-
sulator film 5 of the (n+1)th layer are shown 1n Tables 1 to 3.
In the same way, for each sample, presence/absence of the
insulator film separation of the interlayer-insulator-film 14 of
the (n+2)th layer after the etfective wiring 17 of the (n+2)th
layer 1s embedded and formed by the CMP method 1is
observed by using an optical microscope. The observation
results for these interlayer-insulator-film 14 of the (n+2)th
layer are shown 1n Tables 4 to 6.

In these Tables 1 to 6, the length a of one side of the
respective dummy wirings 10 and 19, S obtained by dividing
the areas of the respective dummy wirings 10 and 19 by the
perimeters thereof, and the coverages R of the respective
dummy wirings 10 and 19 of each sample according to the
present embodiment are shown together with the above-de-
scribed E,, E, d,, and d,,. Further, S of the respective
dummy wirings 10 and 19 formed by a square, 1n which the
length of one side is a, is represented by a“/4a. In addition, in
a column of a CMP separation evaluation of Tables 1 to 6, a
circle represents a result that there 1s no separation on the
entire surface of a waler, a triangle represents a result that
there 1s a separation only in the end of the wafer (the edge
portion), and a crisscross represents a result that there 1s a
separation on the entire surface of the wafer.

First, as shown in Table 1, in the case that the coverage R of
the dummy wiring 10 1n the mterlayer-insulator-film 3 of the
(n+1)th layer 1s about 11%, assuming that the length a of one
side of each dummy wiring 10 1s about 0.4 um or about 0.5
um, the msulator film separation was not observed on the
entire surface of a water 1. In addition, assuming that the
length a of one side of each dummy wiring 10 1s about 0.3 um
or about 0.6 um, the nsulator film separation was observed
only on the edge portion of the water 1. Further, assuming that
the length a of one side of each dummy wiring 10 1s about 0.2
um or less or about 0.7 um or more, the isulator film sepa-
ration was observed on the entire surface of the water 1.
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TABL.

L1l

1

(n + 1)th layer, coverage R = 11%

CMP

peeling

Ep Ey ds d g S: a?/ evalua-
(GPa) (GPa) (@mm) (mm) R a(um) 4a(um) tion
6.5 5.19 170 160 0.11 0.1 0.025 X
0.2 0.050 X
0.3 0.075 A
0.4 0.100 O
0.5 0.125 O
0.6 0.150 A
0.7 0.175 X
0.8 0.200 X
0.9 0.225 X
1.0 0.250 X
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, as shown in Table 2, 1n the case that the coverage R of
the dummy wiring 10 1n the interlayer-insulator-film 5 of the
(n+1)th layer 1s about 25%, assuming that the length a of one
side of each dummy wiring 10 1s about 0.5 um or about 0.6
wm, the msulator film separation was not observed on the
entire surface of the water 1. In addition, assuming that the
length a of one side of each dummy wiring 10 1s about 0.4 um
or about 0.7 um or about 0.8 um, the insulator film separation
was observed only on the edge portion of the water 1. Further,
assuming that the length a of one side of each dummy wiring
10 1s about 0.3 um or less or about 0.9 um or more, the
insulator film separation was observed on the entire surface of
the wafer 1.

TABL.

2

(L]

(n + 1)th layer, coverage R = 25%

CMP

peeling

Ep E dp d S: a?/ evalua-
(GPa) (GPa) (nm) (nm) R a(um) 4a(um) tion
6.5 5.19 170 160 0.25 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 A
0.5 0.125 O
0.6 0.150 O
0.7 0.175 A
0.8 0.200 A
0.9 0.225 X
1.0 0.250 X
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, as shown in Table 3, 1n the case that the coverage R of
the dummy wiring 10 1n the interlayer-insulator-film 5 of the
(n+1)th layer 1s about 44%, assuming that the length a of one
side of each dummy wiring 10 1s about 0.5 um to about 0.8
um, the insulator film separation was not observed on the
entire surface of the water 1. In addition, assuming that the
length a of one side of each dummy wiring 10 1s about 0.9 um
or about 1.0 um, the msulator film separation was observed
only on the edge portion of the water 1. Further, assuming that
the length a of one side of each dummy wiring 10 1s about 0.4
wm or less or about 1.5 um or more, the mnsulator film sepa-
ration was observed on the entire surface of the wafer 1.
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TABL.

L1

3

(n + 1)th layer, coverage R = 44%

CMP

peeling

Ep Ey ds d S: a?/ evalua
(GPa) (GPa) (mm) (nm) R a(um) 4a(um) tion
6.5 5.19 170 160 044 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 X
0.5 0.125 O
0.6 0.150 O
0.7 0.175 O
0.8 0.200 O
0.9 0.225 A
1.0 0.250 A
Y Y Y Y ¥ 1.5 0.375 X
2.0 0.500 X

Next, arange of S of the above-described formula (1) in the
case that the coverage R of the dummy wiring 10 of the
interlayer-insulator film 5 of the (n+1)th layer 1s about 11%
will be obtained. For this purpose, a property value and a film
thickness value of each material to configure the wiring struc-

ture of the (n+1)th layer are assigned 1into the above-described
formulas (2) to (4).

As described above, the via layer 12 of the interlayer-
insulator film 3 of the (n+1)th layer 1s formed by a two-layer
stacked film formed by the SiC film 5qa, of which Young’s
modulus 1s about 20 GPa and film thickness 1s about 35 nm,
and the polymethyl siloxane film 55, of which Young’s modu-
lus 1s about 3 GPa and film thickness 1s about 135 nm. These
values are assigned into the above-described formulas (3) and
(4). Then, a complex Young’s modulus E . of the via layer 12
of the (n+1)th layer becomes about 6.5 GPa. In addition, the
total film thickness d.-of the via layer 12 becomes about 170
nm. In addition, the wiring layer 13 of the interlayer-insulator
film 5 of the (n+1)th layer 1s formed by a two-layer stacked
film formed by the porous S10, film 5¢, of which Young’s
modulus 1s about 3 GPa and film thickness 1s about 110 nm,
and the S10C film 5d, of which Young’s modulus 1s about 10
GPa and film thickness 1s about 50 nm. These values are
assigned into the above-described formulas (3) and (4). Then,
the complex Young’s modulus E - of the wiring layer 13 of the
(n+1)th layer becomes about 5.19 GPa. In addition, the total
film thickness d. . of the wiring layer 13 becomes about 160
nm.

These values, the coverage R=~0.11, and the Young’s modu-
lus of the Cu film forming the effective wiring 8 of the (n+1 )th
layer of about 130 GPa are assigned into the above-described
formula (2). Thereby, for the range of S 1n the case that the
coverage R of the dummy wiring 10 1n the interlayer-insula-
tor-1ilm 3 of the (n+1)th layer 1s about 11%, a relation of the
following formula (5) 1s obtained.

0.069<5<0.17 (5)

By comparing this formula (35) with the observation result
of the msulator film separation shown in Table 1, 1t 1s known
that the defect due to the msulator film separation on the place
other than the end portion of the water 1 can be prevented 1n
the case that the size of each dummy wiring 10 1s determined



US 7,872,353 B2

19

so as to satisiy the relation of the formula (1). In addition,
although the specific calculation 1s omitted, also 1n the case
that the coverage R 1s about 25% and about 44%, 1t 1s known
that the defect due to the msulator film separation on the place
other than the end portion of the water 1 can be prevented 1n
the case that the size of each dummy wiring 10 1s determined
so as to satisiy the relation of the formula (1).

Further, each value when the previously-obtained coverage
R 1s about 11% 1s assigned into the following formula (6).

(6)

prdp+(EW><(1—R)+EM><R)><dW]‘?’-4 {

0.03 %
( dp + a'w

EpXdp+ (EwX(1=R)+ Ey xR)xdw]”-4

S < (0.05%
( dp+dw

Then, for the range of S 1n the case that the coverage R of
the dummy wiring 10 1n the interlayer-insulator film 5 of the

(n+1)th layer 1s about 11%, a relation of the following for-
mula (7) 1s obtained.

0.082<S<0.14 (7)

By comparing this formula (7) with the observation result
of the insulator film separation shown 1n Table 1, 1t 1s known
that the defect due to the insulator film separation on the entire
surface of the watfer 1 can be prevented 1n the case that the size
of each dummy wiring 10 1s determined so as to satisiy the

relation of the formula (6). In addition, although the specific
calculation 1s omitted, also 1n the case that the coverage R 1s

about 25% and about 44%, it 1s known that the defect due to
the msulator film separation on the entire surface of the water

1 can be prevented 1n the case that the size of each dummy
wiring 10 1s determined so as to satisiy the relation of the

formula (6).

Next, the respective samples shown 1n Tables 4 to 6 will be

described. In the respective samples shown 1n these Tables 4
to 6, the wiring structure of the (n+2)th layer i1s formed with
respect to a sample 1n which the defect due to the insulator
film separation in the interlayer-insulator-film 5 of the (n+1)
th layer 1s not observed among the respective samples shown
in the above-described Tables 1 to 3.

First, as shown in Table 4, 1n the case that the coverage R of
the dummy wiring 19 1s about 11% 1n the interlayer-insulator-
film 14 of the (n+2)th layer, assuming that the length of one
side of the dummy wiring 19 1s about 0.5 to 0.7 um, the
insulator film separation was not observed on the entire sur-
face of the water 1. In addition, assuming that the length of
one side of the dummy wiring 19 1s about 0.4 um, about 0.8
um, or about 0.9 um, the insulator film separation was
observed only on the end portion of the water 1. In addition,
assuming that the length a of one side of each dummy wiring
19 1s about 0.3 um or less or about 1.0 um or more, the
insulator film separation was observed on the entire surface of
the water 1.
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TABL.

L1

4

(n + 2)th laver, coverage R = 11%

CMP
peeling
Ep Ey ds dy S: a?f evalua-
(GPa) (GPa) (nm) (nm) R a(um) 4a(um) tion
26.07 14.56 280 225 0.11 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 A
0.5 0.125 O
0.6 0.150 O
0.7 0.175 O
0.8 0.200 A
0.9 0.225 A
1.0 0.250 X
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, as shown 1n Table 3, in the case that the coverage R of
the dummy wiring 19 1n the interlayer-insulator-film 14 of the
(n+2)th layer 1s about 25%, assuming that the length a of one
side of each dummy wiring 19 1s about 0.5 um to about 0.8
um, the msulator film separation was not observed on the

entire surface of the water 1. In addition, assuming that the
length a of one side of each dummy wiring 19 1s about 0.9 um
or about 1.0 um, the msulator film separation was observed
only on the edge portion of the water 1. Further, assuming that
the length a of one side of each dummy wiring 19 1s about 0.4

um or less or about 1.5 um or more, the mnsulator film sepa-
ration was observed on the entire surface of the wafer 1.

TABL.

(L]

D

(n + 2)th laver, coverage R = 25%

CMP

peeling

Ep Ey dp dy S: a%/ evalua-
(GPa) (GPa) (nm) (nm) R a(um) 4a(um) tion
26.07 14.56 280 225 0.25 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 X
0.5 0.125 O
0.6 0.150 O
0.7 0.175 O
0.8 0.200 O
0.9 0.225 A
1.0 0.250 A
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, as shown 1n Table 6, in the case that the coverage R of
the dummy wiring 19 in the interlayer-insulator-film 14 of the
(n+2)th layer 1s about 44%, assuming that the length a of one
side of each dummy wiring 19 1s about 0.6 um to about 0.9
wm, the msulator film separation was not observed on the

entire surface of the water 1. In addition, assuming that the
length a of one side of each dummy wiring 19 1s about 0.5 um
or about 1.0 um, the isulator film separation was observed
only on the edge portion of the water 1. Further, assuming that
the length a of one side of each dummy wiring 19 1s about 0.4
um or less or about 1.5 um or more, the mnsulator film sepa-
ration was observed on the entire surface of the water 1.
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TABL.

L1l

6

(n + 2)th layer, coverage R = 44%

CMP

peeling

Ep Ey ds d g S: a?/ evalua-
(GPa) (GPa) (nm) (nm) R a(um) 4a (um) tion
26.07 1456 280 225 044 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 X
0.5 0.125 A
0.6 0.150 O
0.7 0.175 O
0.8 0.200 O
0.9 0.225 O
1.0 0.250 A
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, arange of S of the above-described formula (1) in the
case that the coverage R of the dummy wiring 19 of the
interlayer-insulator-film 14 of the (n+2)th layer 1s about 11%
will be obtained. For this purpose, a property value and a film
thickness value of each material to configure the wiring struc-
ture of the (n+2)th layer are assigned into the above-described
formulas (2) to (4).

As described above, the via layer 21 of the interlayer-
insulator-1ilm 14 of the (n+2)th layer 1s formed by a two-layer
stacked film formed by the S1CN {ilm 14a, of which Young’s
modulus 1s about 100 GPa and film thickness 1s about 50 nm,
and the S10C film 145, of which Young’s modulus 1s about 10
(GPa and film thickness 1s about 230 nm. These values are
assigned into the above-described formulas (3) and (4). Then,
a complex Young’s modulus E . of the via layer 21 of the
(n+2)th layer becomes about 26.07 GPa. In addition, the total
film thickness d .ot the via layer 21 becomes about 280 nm. In
addition, the wiring layer 22 of the interlayer-insulator-film
14 of the (n+2)th layer 1s formed by the porous S10, film 14c,
of which Young’s modulus 1s about 3 GPa and film thickness
1s about 175 nm, and the S10, film 14d, of which Young’s
modulus 1s about 55 GPa and film thickness 1s about 50 nm.
These values are assigned 1nto the above-described formulas
(3) and (4). Then, the complex Young’s modulus E . of the
wiring layer 22 of the (n+2)th layer becomes about 14.56
(GPa. In addition, the total film thickness d ol the wiring layer
22 becomes about 225 nm.

These values, the coverage R=0.11, and the Young’s modu-
lus of the Cu film forming the effective wiring 17 of the
(n+2)th layer of about 130 GPa are assigned into the above-
described formula (2). Thereby, for the range of S 1n the case
that the coverage R of the dummy wiring 19 1n the interlayer-
insulator-film 14 of the (n+2)th layer 1s about 11%, a relation
of the following formula (8) 1s obtained.

0.093<S<0.23 (8)

By comparing this formula (8) with the observation result
of the insulator film separation shown 1n Table 4, 1t 1s known
that the defect due to the msulator film separation on the place
other than the end portion of the water 1 can be prevented 1n
the case that the size of each dummy wiring 19 1s determined
so as to satisly the relation of the formula (1). In addition,
although the specific calculation 1s omitted, also 1n the case
that the coverage R 1s about 25% and about 44%, 1t 1s known
that the defect due to the msulator film separation on the place
other than the end portion of the water 1 can be prevented 1n
the case that the size of each dummy wiring 19 1s determined
so as to satisly the relation of the formula (1).
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Further, each value when the previously-obtained coverage
R 1s about 11% 1s assigned into the following formula (6).
Then, for the range of S 1n the case that the coverage R of the
dummy wiring 19 1n the interlayer-insulator-film 14 of the
(n+2)th layer 1s about 11%, a relation of the following for-
mula (9) 1s obtained.

0.11<8<0.19 (9)

By comparing this formula (9) with the observation result
of the msulator film separation shown in Table 4, 1t 1s known
that the defect due to the insulator film separation on the entire
surface of the water 1 can be prevented 1n the case that the size
of each dummy wiring 19 1s determined so as to satisiy the
relation of the formula (6). In addition, although the specific
calculation 1s omitted, also 1n the case that the coverage R 1s
about 25% and about 44%, it 1s known that the defect due to
the msulator film separation on the entire surface of the water
1 can be prevented 1n the case that the size of each dummy
wiring 19 1s determined so as to satisiy the relation of the
formula (6).

Generally, 1f the number of stacking of the wiring and the
interlayer-insulator-film is increased in the multi-layer wiring
structure, the defect due to the msulator film separation waill
be easily generated. In addition, 1n the case of embedding and
forming the wiring in the respective interlayer-insulator-film,
damage and a displacement given to the respective interlayer-
insulator-films by the CMP step are accumulated and
increased from the lower layer side toward the upper layer
side. Theretfore, 1n the multi-layer wiring structure, the defect
due to the msulator film separation will be generated more
casily at the upper layer side than at the lower layer side. Such
a phenomenon 1s more remarkable 1n the case that the respec-
tive interlayer-insulator-films are formed by a low-relative-
dielectric-constant-film than 1n the case that the respective
interlayer-insulator-films are formed by a general 1nsulator
film such as a S10, film. In addition, when the respective
interlayer-insulator-films are formed by plural kinds of 1nsu-
lator films as 1n the present embodiment, as a ratio of a
low-relative-dielectric-constant-film to configure the respec-
tive interlayer-insulator-films becomes larger, the phenom-
enon becomes remarkable.

However, according to the present embodiment, as
described above, a plurality of the respective dummy wirings
10 and 19 having a size to satisiy the relation of the above-
described formula (1) 1s aligned around the periphery of the
elfective wirings 8 and 17 for each wiring layer 13 and each
wiring layer 22 of the respective interlayer-insulator-films 5
and 14 of the (n+1)th layer and the (n+2)th layer. Thereby, 1n
the semiconductor device 1 according to the present embodi-
ment, a defect due to the separation of the interlayer-insula-
tor-film of the respective interlayer-insulator-films S and 14 in
the CMP step 1s efliciently prevented, so that a yield 1s
improved. In other words, the semiconductor device 1
according to the present embodiment has a high quality, a
high performance, and a high reliability and has high produc-
tion etficiency. Furthermore, 1n the semiconductor device 1
according to the present embodiment, a manufacturing cost 1s
also restrained, so that a cost performance 1s improved. Par-
ticularly, in the case that the respective dummy wirings 10 and
19 having the sizes to satisiy the relation of the above-de-
scribed formula (6) are aligned, these advantages are more
enhanced.

Generally, when designing the wiring structure, a coverage
of an effective wiring and a dummy wiring 1s decided so as to
satisly various factors such as a relative dielectric constant of
an insulator film, restrictions i1n various processing steps
including a lithography step, and restriction of erosion 1n
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CMP or the like. According to the present embodiment, for a
coverage R that has been decided so as to satisty these factors,
the sizes of the respective dummy wirings 10 and 19 are
selected so as to satisty the above-described formula (1).
Thereby, the above-described various factors can be satisfied
and the semiconductor device 1 having a high tolerance
against a boundary face separation among the insulator films
Sa, 5b, 5¢, 5d, 14a, 14b, 14¢, and 14d with each other 1n the
respective 1nterlayer-insulator-films 3 and 14 can be
designed. Further, the coverage R and the size of the respec-
tive dummy Wirings 10 and 19 1n the lower wiring layer 13
and the upper wiring layer 22 may be set at the same values 1t
they are 1in the range satlsfymg the formula (1). Altematlvely,,
the coverage R and the size of the respective dummy wirings
10 and 19 1n the lower wiring layer 13 and the upper wiring
layer 22 may be set at the different values with each other 11
they are 1n the range satistying the formula (1) For example,
the case of dec:ldmg the coverage R and the size of the respec-
tive dummy w1r111gs 10 and 19 of the (n+1)th layer and the
(n+2)th layer in the multi-layer wiring structure shown 1n
FIG. 1 will be described below.

First, the coverage R and the size of the respective dummy
wirings 10 of the (n+1)th layer will be decided. On the basis
of the structure and the size of the effective wiring 8 to be
aligned in the wiring layer 13 of the (n+1)th layer and a
request such as restriction of erosion in the CMP step when
embedding and forming the effective wiring 8 in the inter-
layer-insulator-film, the coverage R of the dummy wiring 10
of the (n+1)th layer will be derived. Here, it 1s assumed that
the coverage R of the dummy wiring 10 of the (n+1)th layer
needs to be setabout 11% or more. On the other hand, accord-
ing to a restriction such as the above-described relative-di-
electric-constant of the insulator film, 1t 1s desirable that the
coverage R 1s made as small as possible. Therefore, the cov-
erage R of the dummy wiring 10 in the wiring layer 13 of the
(n+1)th layer 1s set to be about 11%. On the basis of this
setting, using the formula (1), the size of each dummy wiring
10 of the (n+1)th layer 1s set to be about 0.5 um. Further, the
s1ze of each dummy wiring 10 may be set to be other than
about 0.5 um 1if 1t 1s 1n the range satistying the formula (1).

Next, the coverage R and the size of the respective dummy
wirings 19 of the (n+2)th layer will be decided. On the basis
of the structure and the size of the effective wiring 17 to be
aligned 1n the wiring layer 22 of the (n+2)th layer and a
request such as restriction of erosion 1n the CMP step when
embedding and forming the effective wiring 17 in the inter-
layer-insulator-film, the coverage R of the dummy wiring 19
of the (n+2)th layer will be derived. Here, 1t 1s assumed that
the coverage R of the dummy wiring 19 of the (n+2)th layer
needs to be set about 25% or more. As described above,
according to a restriction such as the relative-dielectric-con-
stant of the msulator film, 1t 1s desirable that the coverage R 1s
made as small as possible. Therefore, the coverage R of the
dummy wiring 19 1n the wiring layer 22 of the (n+2)th layer
1s set to be about 25%. On the basis of this setting, using the
formula (1), the size of each dummy wiring 19 of the (n+2)th
layer 1s set to be about 0.5 um. Further, the size of each
dummy wiring 19 of the (n+2)th layer may be set to be other
than about 0.5 um 1f 1t 1s 1n the range satistying the formula (1)
similarly to the size of each dummy wiring 10 of the (n+1)th
layer.

In this way, the coverage R and the size of the respective
dummy wirings 10 and 19 of the (n+1)th layer and the (n+2)th
layer are decided individually for the wiring layers 13 and 22
of the (n+1)th layer and the (n+2)th layer 1n the range satis-
tying the formula (1). In other words, with respect to the
dummy wiring 10 of the (n+1)th layer, the coverage R 1is
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determined to be about 11% and the size 1s determined to be
about 0.5 um. Then, with respect to the dummy wiring 10 of
the (n+2)th layer the coverage R 1s determined to be about
25% and the size 1s determined to be about 0.5 um. Thereby,
without lowering a performance regarding the above-de-
scribed relative-dielectric-constant of the insulator film, 1t 1s
possible to improve the tolerance against a boundary face
separation among the insulator films 5¢, 3d, 14¢, and 144 with
cach other 1n the respective interlayer-insulator-films 13 and
22 of the (n+1)th layer and the (n+2)th layer.

Further, in such a setting, together with the wiring layer 13
of the (n+1)th layer and the wiring layer 22 of the (n+2)th
layer, the coverage R of the respective dummy wirings 10 and
19 may be standardized into about 25% and the size thereof
may be standardized into about 0.5 um. According to the
experiment conducted by the inventors of the present mven-
tion, 1t has been known that there was little difference in the
tolerance against the boundary face separation in the respec-
tive wiring layers 13 and 22 of the (n+1)th layer and the
(n+2)th layer even 11 the coverage R and the size are deter-
mined 1n such a manner as long as they are in the range
satisiying the formula (1). However, by increasing the cover-
age R of the dummy wiring 10 of the wiring layer 13 of the
(n+1)th layer from about 11% to about 25% 1n accordance
with the coverage R of the dummy wiring 19 of the wiring
layer 22 of the (n+2)th layer, at least about the wiring layer 13
of the (n+1)th layer, a performance for a relative dielectric
constant of an insulator film, restrictions 1n various process-
ing steps including a lithography step, and restriction of ero-
sion 1n the CMP or the like are lowered.

In addition, although the specific and detailed description
referring to illustration 1s omitted, according to the experi-
ment conducted by the mventors of the present invention, 1t
has been known that, together with the wiring layer 13 of the
(n+1)th layer and the wiring layer 22 of the (n+2)th layer, the
nearest distances X, and X, between the respective effective
wirings 8, 17 and the respective dummy wirings 10, 19 are
preferably set 1 the range of about 250 um or less. Particu-
larly, 1t has been known that an effect to prevent the insulator
f1lm separation 1n the respective wiring layers 13 and 22 of the
(n+1)th layer and the (n+2)th layer 1s more enhanced by
setting the nearest distances X, and X, between the respective
elfective wirings 8, 17 and the respective dummy wirings 10,
19 to be about 5 um or less.

As described above, according to this first embodiment, 1t
1s possible to obtain the semiconductor device 1 having a
multi-wiring structure, wherein interlayer-insulator-film 3, 5,
and 14, 1n which at least a part thereof 1s formed by low-
relative-dielectric-constant-films 3a, 56, 5¢, 5d, 1456, and 14¢
are stacked 1n three layers from the nth layer to the (n+2)th
layer to be arranged on a semiconductor substrate 2; the
respective effective wirings 8 and 17 are arranged contacting
the respective low-relative-dielectric-constant-films 5b, 5c¢,
5d, 145, and 14¢ 1n the respective interlayer-insulator-films 5
and 14 of the (n+1 )th layer and the (n+2)th layer among these
respective interlayer-insulator-films 3, 5, and 14; and 1n the
respective wiring layers 13 and 22 1n which these respective
clfective wirings 8 and 17 are arranged, the respective dummy
wirings 10 and 19 are arranged surrounding the periphery of
the respective effective wirings 8 and 17 contacting the
respective low-relative-dielectric-constant-films 35, 5¢, 5d,
145, and 14¢. Then, 1n this semiconductor device 1, for each
wiring layer 13 and each wiring layer 22, on which the respec-
tive effective wirings 8 and 17 and the respective dummy
wirings 10 and 19 are prowded not only the coverages R of
the respective dummy ermgs 10 and 19 but also the sizes of
the respective dummy wirings 10 and 19 are optimized in
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consideration of the mechanical property values of the
respective interlayer-insulator-films 5 and 14. Thereby, the
boundary face separation of the insulator film 1n the CMP step
when embedding and forming the respective effective wirings
8 and 17 1n the interlayer-insulator-film 1s efficiently pre-
vented. Further, also 1n the mterlayer-insulator-film 3 of the
nth layer, similarly to the respective dummy wirings 10 and
19 on which the (n+1)th layer and (n+2)th layer are provided,
the dummy wiring may be formed by approprately setting
the size, the shape, the arrangement or the like 1n accordance
with 1ts coverage.

Second Embodiment

Next, a second embodiment according to the present inven-
tion will be described with reference to FIG. 4. The same
reference marks are given to the same parts as the above-
described first embodiment and the detailed description
thereot 1s omaitted.

According to the present embodiment, a multi-layer struc-
ture 1n which a wiring structure for one more layer 1s added to
the multi-layer structure of the semiconductor device 1
according to the first embodiment and a manufacturing
method thereof will be described. Hereinatter, the present
embodiment will be specifically explained 1n detail.

First, as shown 1n FIG. 4, in a semiconductor device 31
according to the present embodiment, the layers from the nth
layer to the (n+2)th layer are manufactured by the same
method as the manufacturing method of the semiconductor
device 1 according to the first embodiment. Differently from
FIG. 1, in FIG. 4, the respective dummy wirings 19 of the
(n+2)th layer are illustrated by plural pieces on the right and
left sides of the etfective wiring 17.

Next, the wiring structure of the (n+3)th layer of the semi-
conductor device 31 will be formed. Specifically, first, on the
interlayer-insulator-film 14 of the (n+2)th layer in which the
via plug 15, the effective wiring 17, and the respective
dummy wirings 19 of the (n+2)th layer are embedded and
formed, an interlayer-insulator-film 32 of the (n+3)th layer 1s
arranged. In this case, differently from the respective inter-
layer-insulator-films 5 and 14 of the (n+1)th layer and the
(n+2)th layer, this interlayer-insulator-film 32 of the (n+3)th
layer 1s formed 1nto a three-layer structure formed by a {first
insulator film 324, a second nsulator film 3254, and a third
insulator film 32¢ from the lower side to the upper side.

First, covering the surfaces of the S10, film 144 that 1s an
insulator film of the top layer of the 111terlayer insulator-film
14 of the (11+2)th layer the eflective wiring 17, and the respec-
tive dummy wirings 19, as the first msulator film, a silicon
nitride (S1N) film 32a that 1s a general insulator film 1s depos-
ited with a film thickness of about 50 nm by a plasma CVD
method. Similarly to the above-described Si1C film 3a of the
(n+1)th layer and the above-described S1CN film 14a of the
(n+2)th layer, this SiN film 324 may function as an etching
stopper {ilm to prevent the S10,, film 144, the effective wiring
17, and the respective dummy wirings 19 from being etched
when forming a via hole 34 of the (n+3)th layer to be
described later 1n the interlayer-insulator-film 32 of the (n+3)
th layer. In addition, similarly to the S1CN film 14a of the
(n+2)th layer, the SiN film 32a has a high Young’s modulus of
about 100 GPa. Theretfore, similarly to the S1C film 54 and the
S1ICN film 14a, the SiN film 324 may also function as a
reinforcement film to prevent a via plug 33 of the (n+3)th
layer to be provided 1n the via hole 34 and be described later
from being displaced by the CMP step when embedding a
wiring 35 of the (n+3)th layer to be connected to the via plug
33 and be described later 1n the interlayer-insulator-film 32 of
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the (n+3)th layer or from being separated from the effective
wiring 17 of the (n+2)th layer by holding the via plug 33.
Then, on the SiN film 32a, as the second insulator film, a
fluorine (F)-doped S10, film (F doped S10, film) 3256 1s
formed with a film thickness of about 910 nm by the plasma
CVD method. This F doped S10, film 325 1s a general 1nsu-
lator film and its Young’s modulus 1s about 36 GPa. Then, on
this F doped S10, film 325, as the third insulator film, the S10,
film 32c¢ that 1s a general insulator film 1s formed with a film
thickness of about 100 nm by the plasma CVD method. This
S10, 1ilm 32¢ of the (n+3)th layer has also a relative-dielec-
tric-constant of about 4.0 and has a Young’s modulus of about
55 GPa similarly to the above-described S10,, film 325 of the
n-th layer and the S10,, film 144 of the (n+2)th layer.
According to these steps, the interlayer-insulator-film 32 of
the (n+3)th layer formed by a three-layer complex 1nsulator

f1lm 1ncluding the SiN film 32q, the F doped S10,, film 325,
and the S10, film 32¢, of which film qualities and film kinds
are different from each other, 1s deposited on the 1nterlayer-
insulator film 14 of the (n+2)th layer. In other words, differ-
ently from the respective interlayer-insulator-films 3, 5, and
14 from the nth layer to the (n+2)th layer, of which at least a
part 1s formed by the low-relative-dielectric-constant-films
3a, 5b, 5¢, 5d, 14bH, and 14c¢, all layers of this interlayer-
insulator-film 32 of the (n+3)th layer are formed by general
insulator films.

Next, the via plug 33 of the (n+3)th layer to be connected to
the upper part of the effective wiring 17 of the (n+2)th layer
and the wiring (the effective wiring) 35 of the (n+3)th layer to
be connected to the upper part of the via plug 33 are arranged
within the interlayer-insulator-film 32 of the (n+3)th layer.
Therewith, the reinforcement member (the dummy wiring)
37 of the (n+3)th layer 1s arranged within the interlayer-
insulator-film 32 of the (n+3)th layer. These via plug 33,
elfective wiring 35, and dummy wiring 37 of the (n+3)th layer
may be formed by the same method as that for forming the
respective via plugs 6 and 15, the respective elfective wirings
8 and 17, and the respective dummy wirings 10 and 19 of the
(n+1)th layer and the (n+2)th layer. Hereinatter, this will be
briefly described.

First, at the position of the upper part of the effective wiring,
17 of the (n+2)th layer where the via plug 33 1s arranged, by
climinating the S10, film 32¢ and the F-doped S10,, film 325
along their film thickness directions by the RIE method until
the upper face of the S1CN film 32a 1s exposed, a hole 1s
formed (notillustrated). Then, at the position of the upper part
of the hole where the effective wiring 35 1s arranged, the S10,
f1lm 32¢ and the F-doped S10, film 325 are eliminated along
their film thickness directions by the RIE method until they
reach a middle portion 1n a height direction of the F-doped
S10,, film 32b. Here, the F-doped S10, film 325 1s eliminated
from 1ts upper face up to the depth of about 400 nm. Thereby,
a wiring groove (an effective wiring groove) 36 for arranging
the effective wiring 35 of the (n+3)th layer of a depth of about
500 nm 1s formed within the S10, film 32¢ and the F-doped
S10, film 325 being communicated with the upper part ot the
hole.

In addition, 1n parallel with forming of the effective wiring,
groove 36, at plural positions surrounding the periphery of the
elfective wiring groove 36, the 510, film 32¢ and the F-doped
S10, film 325 are ehmmated Wlth approximately the same
depth as that of the eflective wiring groove 36 along their film
thickness directions by the RIE method. Thereby, dummy
wiring grooves (grooves for a reinforcement member) 38 for
arranging the dummy wiring 37 of the (n+3)th layer are
formed at plural positions in the S10, film 32¢ and the

F-doped S10, film 325 with approximately the same height as
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that of the effective wiring groove 36 and with approximately
the same depth of about 500 nm as that of the effective wiring
groove 36.

Similarly to the respective dummy wiring grooves 11 of the
(n+1)th layer and the respective dummy ermg grooves 20 of
the (n+2)th layer, the respective dummy wiring grooves 38 of
the (n+3)th layer are separated from the effective wiring
groove 36 by atleasta predetermmed interval X, surrounding
the periphery of the effective wiring groove 36 In this case,
the interval X 1s set to be about 2 um similarly to the interval
X, between the clfective wiring groove 9 and the respective
dummy wirings 11 of the (n+1)th layer and the interval X,
between the effective wiring groove 18 and the respective
dummy wirings 20 of the (n+2)th layer. Further, in FIG. 4,
only the respective dummy wiring grooves 38 that are formed
on the left side of the effective wiring groove 36 among a
plurality of dummy wiring grooves 38 are illustrated. After
this, by eliminating the SiN {ilm 32a on the lower part of the
hole by the RIE method, the upper face of the effective wiring,
17 of the (n+2)th layer 1s exposed. Thereby, the via hole 34 for
providing the via plug 33 of the (n+3)th layer 1s formed 1n the
F-doped S10, film 326 and the SiN film 32a to be communi-
cated with the lower part of the effective wiring groove 36.

Next, the barrier metal layer of the (n+3)th layer (not 1llus-
trated) 1s entirely deposited on the surface under an atmo-
sphere of about 150° C. by the sputtering method, covering
inner faces of the via hole 34, the effective wiring groove 36,
and the respective dummy wiring grooves 38, the surface of
the effective wiring 17 of the (n+2)th layer that 1s exposed by
the via hole 34, the surface of the S10,, film 32c¢ that 1s a film
of the top layer of the interlayer-insulator-film 32 of the
(n+3)th layer and the like. Then, filling insides of the via hole
34, the elffective wiring groove 36, and the respective dummy
wiring grooves 38 on which the barrier metal layer of the
(n+3)th layer 1s arranged, by the sputtering method and the
clectrolytic plating method, the Cu film of the (n+3)th layer 1s
deposited on the entire surface of the barrier metal layer of the
(n+3)th layer. The Young’s modulus of this Cu film of the
(n+3)th layer 1s also about 130 GPa similarly to those of the
above-described and Cu film of the (n+1)th and (n+2)th lay-
ers. Then, the anneal processing 1s applied to the Cu film of
the (n+3)th layer under the same condition as the Cu films of
the (n+1)th layer and the (n+2)th layer. After this, unneces-
sary barrier metal layer and Cu film 1s polished and eliminated
by the CMP method, which are arranged outsides of the via
hole 34, the effective wiring groove 36, and the respective
dummy wiring grooves 38. Thereby, the via plug 33, the
elfective wiring 35, and the respective dummy wirings 37, of
which side part and bottom part are covered with the barrier
metal layer, are embedded and formed 1n the interlayer-insu-
lator-film 32 of the (n+3)th layer in parallel.

In this way, differently from the respective via plugs 6 and
15, the respective effective wirings 8 and 17, and the respec-
tive dummy wirings 10 and 19 of the (n+1)th layer and the
(n+2)th layer, the via plug 33, the effective wiring 335, and the
respective dummy wirings 37 of the (n+3)th layer are
arranged within general insulator films 32a, 325, and 32c, all
of them not contacting the low-relative-dielectric-constant-
film. The effective wiring 35 1s arranged with 1ts upper part
located 1n the S10,, film 32¢ and 1ts lower part located 1n the
F-doped S10,, film 325. In addition, the effective wiring 35 1s
formed as a dual damascene wiring having a lower part to
which the via plug 33 is connected integrally similarly to the
respective effective wirings 8 and 17 of the (n+1)th layer and
the (n+2)th layer. The via plug 33 1s arranged with 1ts upper
part located 1n the F-doped S10, film 326 and 1ts lower part

located 1n the SiN film 32a.
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In addition, as shown in FIG. 4, the respective dummy
wirings 37 of the (n+3)th layer are provided being electrically
cut from the effective wiring 35 and the via plug 33. In
practice, a plurality of the respective dummy wirings 37 1s
separated from the effective wiring 35 by at least 2 um sur-
rounding the periphery of the effective wiring 35; however, in
FIG. 4, only the respective dummy wirings 37 provided on the
lett side of the effective wiring 35 are 1llustrated. In addition,
similarly to the effective wiring 335, these respective dummy
wirings 37 are arranged with their upper parts located 1n the
S10, film 32¢ and their lower parts located 1n the F-doped
S10, film 326.

In addition, the effective wiring 335 of the (n+3)th layer may
configure an actual energizing path of the semiconductor
device 31 together with the via plug 33 of the (n+3)th layer
that 1s formed to be integrated with the effective wiring 35, the
elfective wiring 17 and the via plug 15 of the (n+2)th layer
that are indirectly connected to the effective wiring 35 via this
via plug 33, the effective wiring 8 and the via plug 6 of the
(n+1)th layer indirectly connected via the via plug 15 and the
elfective wiring 4 of the n-th layer. On the contrary, similarly
to the respective dummy wirings 10 and 19 of the (n+1)th
layer and the (n+2)th layer, the respective dummy wirings 37
of the (n+3)th layer does not configure the actual energizing
path of the semiconductor device 31.

According to these steps, the wiring structure of the (n+3)
th layer of the semiconductor device 31 1s formed. In other
words, the semiconductor device 31 according to the present
embodiment having a multi-layer wiring structure shown 1n
FIG. 4 1s obtained. Further, setting of the sizes, the shapes, or
the arrangements of the respective dummy wirings 37 of the
(n+3)th layer 1s the same as setting of the sizes, the shapes, or
the arrangements of the respective dummy wirings 10 and 19
of the (n+1 )th layer and the (n+2)th layer. In addition, the SiN
f1lm 32a where the via plug 33 of the interlayer-insulator-film
32 of the (n+3)th layer 1s formed and that part of the F-doped
S10, film 3254 to the height about 510 nm from a boundary
tace between the SiN film 32a where the via plug 33 1s formed
may be collectively referred to as the via layer of the (n+3)th
layer or a plug layer 39. In the same way, the S10, film 32¢
where the effective wiring 35 and the dummy wiring 37 are
formed 1n the interlayer-insulator-film 32 of the (n+3)th layer
and that part of the F-doped S10, film 325 to the depth of
about 400 nm from a boundary face between the S10, film 32¢
where the effective wiring 35 and the dummy wiring 37 are
formed may be collectively referred to as the wiring layer 40
of the (n+3)th layer.

Next, a plurality of samples manufactured by the inventors
of the present mnvention on the basis of the above-described
present embodiment will be described with reference to
Tables 7 to 9. These respective samples according to the
present embodiment are manufactured on the basis of the
same setting as that of the respective samples of the first
embodiment. Then, for each sample manufactured on the
basis of such a setting, presence/absence of the insulator film
separation of the interlayer-insulator-film 32 of the (n+3)th
layer after the etfective wiring 35 of the (n+3)th layer is
embedded and formed 1n the interlayer-insulator-film by the
CMP method 1s observed by using an optical microscope. The
observation results for these interlayer-insulator-film 32 of
the (n+3)th layer are shown in Tables 7 to 9.

First, as shown in Table 7, in the case that the coverage R of
the dummy wiring 37 in the interlayer-insulator-film 32 of the
(n+3)th layer 1s about 11%, assuming that the length a of one
side of each dummy wiring 37 1s about 0.6 um or about 0.9
um, the msulator film separation was not observed on the
entire surface of a water 31. In addition, assuming that the
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length a of one side of each dummy wiring 37 1s about 0.5 um
or about 1.0 um, the msulator film separation was observed
only on the edge portion of the water 31. Further, assuming
that the length a of one side of each dummy wiring 37 1s about
0.4 um or less or about 1.5 um or more, the insulator film
separation was observed on the entire surface of the water 31.

TABL.

L1

7

(n + 3)th laver, coveragce R = 11%

CMP

peeling

Ep Ey ds d g S: a?/ evalua-
(GPa) (GPa) (nm) (nm) R a(um) 4a (um) tion
41.71 39.8 560 500 0.11 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 X
0.5 0.125 A
0.6 0.150 O
0.7 0.175 @
0.8 0.200 O
0.9 0.225 @
1.0 0.250 A
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, as shown 1in Table 8, 1n the case that the coverage R of
the dummy wiring 37 in the interlayer-insulator-film 32 of the
(n+3)th layer 1s about 25%, assuming that the length a of one
side of each dummy wiring 37 1s about 0.6 um or about 0.9
um, the msulator film separation was not observed on the
entire surface of the water 31. In addition, assuming that the
length a of one side of each dummy wiring 37 1s about 0.5 um
or about 1.0 um, the msulator film separation was observed
only on the edge portion of the water 31. Further, assuming
that the length a of one side of each dummy wiring 37 1s about
0.4 um or less or about 1.5 um or more, the insulator film
separation was observed on the entire surface of the water 31.

TABL.

L1

3

(n + 3)th layer, coverage R = 25%

CMP

peeling

Ep E dp d S: a?/ evalua-
(GPa) (GPa) (@mm) (nm) R a(um) 4a(um) tion
41.71 39.8 560 500 0.25 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 X
0.5 0.125 A
0.6 0.150 O
0.7 0.175 O
0.8 0.200 O
0.9 0.225 O
1.0 0.250 A
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, as shown in Table 9, 1n the case that the coverage R of
the dummy wiring 37 in the interlayer-insulator-film 32 of the
(n+3)th layer 1s about 44%, assuming that the length a of one
side of each dummy wiring 37 1s about 0.7 um to about 1.0
wm, the msulator film separation was not observed on the
entire surface of the water 31. In addition, assuming that the
length a of one side of each dummy wiring 37 1s about 0.6 um,
the insulator film separation was observed only on the edge
portion of the watfer 31. Further, assuming that the length a of
one side of each dummy wiring 37 1s about 0.5 um or less or
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about 1.5 um or more, the insulator film separation was
observed on the entire surface of the water 31.

TABL.

9

(1]

(n + 3)th laver, coverage R = 44%

CMP

peeling

Ep E dp d S: a?f evalua-
(GPa) (GPa) (nm) (nm) R a(um) 4a (um) tion
41.71 39.8 560 500 044 0.1 0.025 X
0.2 0.050 X
0.3 0.075 X
0.4 0.100 X
0.5 0.125 X
0.6 0.150 A
0.7 0.175 O
0.8 0.200 O
0.9 0.225 O
1.0 0.250 O
Y Y Y Y Y 1.5 0.375 X
2.0 0.500 X

Next, arange of S of the above-described formula (1) 1n the
case that the coverage R of the dummy wiring 37 of the
interlayer-insulator-film 32 of the (n+3)th layer 1s about 11%
will be obtained. For this purpose, a property value and a film
thickness value of each material to configure the wiring struc-
ture of (n+3)th layer are assigned into the above-described

tformulas (2) to (4).

As described above, the via layer 39 of the interlayer-
insulator-film 32 of the (n+3)th layer 1s formed by a two-layer
stacked film formed by the SiN film 324, of which Young’s
modulus 1s about 100 GPa and film thickness 1s about 50 nm,
and the part having a lower part with a film thickness of about
510 nm of the F-doped S10, film 324, of which Young’s
modulus 1s about 36 GPa and film thickness 1s about 910 nm.
These values are assigned 1nto the above-described formulas
(3) and (4). Then, a complex Young’s modulus E .. of the via
layer 39 of the (n+3)th layer becomes about 41.71 GPa. In
addition, the total film thickness d, of the via layer 39
becomes about 560 nm. In addition, the wiring layer 40 of the
interlayer-insulator-film 32 of the (n+3)th layer 1s formed by
a two-layer stacked film formed by the part having an upper
part with a film thickness of about 400 nm of the F-doped
S10, 11lm 325, of which Young’s modulus 1s about 36 GPaand
film thickness 1s about 910 nm, and the S10, film 32¢, of
which Young’s modulus 1s about 55 GPa and film thickness 1s
about 100 nm. These values are assigned into the above-
described formulas (3) and (4). Then, the complex Young’s
modulus E_. of the wiring layer 40 of the (n+3)th layer
becomes about 39.8 GGPa. In addition, the total film thickness

d. of the wiring layer 40 becomes about 500 nm.

These values, the coverage R=~0.11, and the Young’s modu-
lus of the Cu film forming the effective wiring 335 of the
(n+3)th layer of about 130 GPa are assigned into the above-
described formula (2). Thereby, for the range of S 1n the case
that the coverage R of the dummy wiring 37 in the interlayer-
insulator-film 32 of the (n+3)th layer 1s about 11%, a relation
of the following formula (10) 1s obtained.

0.12<8<0.29 (10)

By comparing this formula (10) with the observation result
of the msulator film separation shown 1n Table 7, 1t 1s known
that the defect due to the mnsulator film separation on the place
other than the end portion of the water 31 can be prevented 1n
the case that the size of each dummy wiring 37 1s determined
so as to satisiy the relation of the formula (1). In addition,
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although the specific calculation 1s omitted, also 1n the case
that the coverage R 1s about 25% and about 44%, it 1s known
that the defect due to the msulator film separation on the place
other than the end portion of the water 31 can be prevented 1n
the case that the size of each dummy wiring 37 1s determined
so as to satisiy the relation of the formula (1).

Further, each value when the previously-obtained coverage
R 1s about 11% 1s assigned into the following formula (6).
Then, for the range of S 1n the case that the coverage R of the
dummy wiring 37 in the interlayer-insulator-film 32 of the
(n+3)th layer 1s about 11%, a relation of the following for-
mula (11) 1s obtained.

0.14<S<0.23 (11)

By comparing this formula (11) to the observation result of
the insulator film separation shown 1n Table 7, 1t 1s known that
the defect due to the insulator film separation on the entire
surface of the water 31 can be prevented 1n the case that the
s1ze ol each dummy wiring 37 1s determined so as to satisly
the relation of the formula (6). In addition, although the
specific calculation 1s omaitted, also 1n the case that the cov-
erage R 1s about 25% and about 44%, 1t 1s known that the
defect due to the insulator film separation on the entire surface
of the water 31 can be prevented in the case that the size of
cach dummy wiring 37 1s determined so as to satisiy the
relation of the formula (6).

As described above, according to this second embodiment,
in the multi-layer wiring structure in which a wiring structure
1s Turther stacked on the wiring structure, 1n which an nter-
layer-insulator-film 1s formed by a low-relative-dielectric-
constant-film, even 1n the case that the mterlayer-insulator-
film of the upper layer, in which a defect due to the 1insulator
film separation 1s easily generated by accumulation of dam-
age and displacement, 1s formed by a general insulator film,
the same advantage as that of the above-described first
embodiment can be obtained. In addition, also 1n the semi-
conductor device 31 according to the present embodiment
having a multi-layer wiring structure in which the insulator
f1lms 5¢, 5d, 14¢,14d, 325, and 32¢ configuring the respective
wiring layers 13, 22, and 40 of the (n+1)th layer, the (n+2)th
layer, and the (n+3)th layer are different for each of the
respective interlayer-insulator-films 5, 14, and 32 of the (n+1)
th layer, the (n+2)th layer, and the (n+3)th layer, by aligning,
the dummy wirings 10, 19, and 37 having the sizes to satisiy
the formula (1) for each of these respective wiring layers 13,
22, and 40 surrounding the periphery of the respective etiec-
tive wirings 8, 17, and 35, a defect due to an sulator film
separation 1 the CMP step each of the respective wiring
layers 13, 22, and 40 1s efliciently prevented, so that a yield 1s
improved.

Accordingly, the semiconductor device 31 according to the
present embodiment has a high quality, a high performance, a
high reliability and high product efficiency although 1t has the
multi-layer wiring structure. Furthermore, in the semicon-
ductor device 31 according to the present embodiment, a
manufacturing cost 1s also restrained, so that a cost perfor-
mance 1s improved. Particularly, 1in the case that the respective
dummy wirings 10, 19, and 37 having the sizes to satisty the
relation of the above-described formula (6) are aligned, these
advantages are more enhanced.

Third Embodiment

Next, a third embodiment according to the present inven-
tion will be described with reference to FIGS. SA to SE. The
same reference marks are given to the same parts as the
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above-described first and second embodiments and the
detailed description thereof 1s omitted.

According to the present embodiment, variations of the
shapes of the respective dummy wirings 10, 19, and 37 of the
above-described (n+1)th layer to the (n+3)th layer will be

briefly described.
In each of the first and second embodiments, it 1s deter-

mined that the respective dummy wirings 10, 19, and 37 of the
(n+1)th layer to the (n+3)th layer are formed 1n a square 1n
which a length of one side 1s a. However, the shapes of these
respective dummy wirings 10, 19, and 37 are not limited to a
square.

For example, as shown in FIG. SA, the respective dummy
wirings 10, 19, and 37 may be formed so that the planar
shapes thereof are rectangles. In addition, as shown 1n FIG.
5B, the respective dummy wirings 10, 19, and 37 may be
formed 1nto a cross-shape. Further, as shown 1n FIG. 5C, the
respective dummy wirings 10, 19, and 37 may be formed so
that the planar shapes thereof are L-shapes or key-shapes. In
addition, as shown 1n FI1G. 5D, the respective dummy wirings
10, 19, and 37 may be formed so that the planar shapes thereot
are T-shapes. Further, as shown 1n FIG. 5E, the respective
dummy wirings 10, 19, and 37 may be formed so that the
planar shapes thereof are mesh-like shapes, comb-like
shapes, sheli-like shapes, or fence-like shapes.

Further, as described above, boundary lengths of the
respective dummy wirings 10,19, and 37 are defined by a sum
of the lengths of boundary faces between the upper faces of
the respective interlayer-insulator films 5, 14, and 32 (insu-
lator films 5d, 144, and 32¢) on which the respective dummy
wirings 10, 19, and 37 are arranged and the exposed faces of
the respective dummy wirings 10, 19, and 37 for these upper
faces. As a result, in the case that the respective dummy
wirings 10, 19, and 37 are formed in mesh-like shapes as
shown 1n FIG. 5E, for example, the boundary lengths of the
respective dummy wirings 10, 19, and 37 include not only the
length of the boundary face between the external periphery
parts of the respective dummy wirings 10, 19, and 37 and the
respective interlayer-insulator-films 3, 14, and 32 but also the
length of the boundary face between the internal periphery
parts of the respective dummy wirings 10, 19, and 37 and the
respective interlayer-insulator-films 5, 14, and 32 that are
confined 1nside the respective dummy wirings 10, 19, and 37.

As described above, according to this third embodiment, 1t
1s also possible to obtain the same advantage as the above-
described first and second embodiments. In addition, accord-
ing to this third embodiment, the shapes of the respective
dummy wirings 10, 19, and 37 can be freely designed in
accordance with the shapes, the alignment patterns or the like
of the respective effective wirings 8, 17, and 35, so that 1t 1s
possible to enhance a degree of freedom of the entire semi-
conductor device. It 1s obvious that the shapes of the respec-
tive dummy wirings 10, 19, and 37 may be formed mto a
different shape for each dummy pattern forming area that 1s
set to be divided into plural areas for each layer or 1n the same
layer.

Furthermore, although the specific and detailed description
referring to illustration 1s omitted, a columnar or a fence-like
(a groove-like) shaped dummy via plug may be connected to
the lower parts of the respective wrings 10, 19, and 37. Then,
it 1s better that these respective dummy via plugs are config-
ured 1n such a manner that at least a part of each of these
respective dummy via plugs contacts the S1C film 3a of the
(n+1)th layer, the S1CN film 14a of the (n+2)th layer, or the
S1N film 324 of the (n+3)th layer that function as a reinforce-
ment layer similarly to the respective via plugs 6, 15, and 33
from the (n+1)th layer to the (n+3)th layer. Due to such a
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configuration, i1t 1s possible to prevent a defect due to an
insulation film separation in the CMP step more etficiently for
cach of the respective wiring layers 13, 22, and 40.

Further, the semiconductor device according to the present
invention 1s not limited to the above-described first to third the
respective embodiments. The present invention can be put
into practice by variously moditying the configurations or
some parts of the manufacturing steps of these embodiments
or the like or arbitrarily combiming the respective settings
without departing from the scope of the invention.

For example, the isulator film to form the interlayer-
insulator film 5 of the (n+1)th layer 1s not limited to the
above-described S1C film 5a, polymethyl siloxane film 55,
porous S10, film S¢, and S10C film 3d. The interlayer-insu-
lator-film 5 may be formed by using a fluorine (F)-doped S10,,
film, an organic insulator film, a hydrogen silsesquioxane
f1lm, a polymeric film, a F-doped amorphous carbon film, or
a stacking film having at least two kinds of these films stacked
therein. In addition, 1t 1s not necessary to form the interlayer-
insulator film 5 of the (n+1)th layer into a four-layer structure
using four kinds of insulator films 5a, 3b, 5¢, and 5d, of which
film kands are different from each other as described above.
For example, 1n the interlayer-insulator film 5 of the (n+1)th
layer, two or more layers among these four layers of insulator
films 5a, 5b, 5¢, and 54 may be formed by using one kind of
insulator film. Alternatively, in the interlayer-insulator film 5
of the (n+1)th layer, at least one layer among these four layers
of insulator films 5a, 556, 5¢, and 54 may be formed by using
a stacking film including two kind or more of insulator films,
of which film kinds are different from each other.

In the same way, 1t 1s not necessary to form the interlayer-

insulator-film 14 of the (n+2)th layer into a four-layer struc-
ture using the S1CN {ilm 144, the S10C film 145, the porous

S10,, film 14¢, and the S10,, film 144, of which film kinds are
different from each other as described above. Also 1n the
interlayer-insulator-film 14 of the (n+2)th layer, similarly to
the interlayer-insulator film 35 of the (n+1)th layer, two or
more layers among these four layers of isulator films 14a,
14b, 14¢c, and 144 may be formed by using one kind of
insulator film. Alternatively, 1n the interlayer-insulator-film
14 of the (n+2)th layer, at least one layer among these four
layers of insulator films 14a, 145, 14¢, and 144 may be
formed by using a stacking film including two kind or more of
imsulator films, of which film kinds are different from each
other.

In addition, among four layers of the msulator films 14a,
145, 14¢, and 14d to configure the interlayer-insulator-film 14
of the (n+2)th layer, for example, the first insulator film needs
not to be formed by using the above-described SiCN film 14a.
The first msulator film 1n the mnterlayer-insulator-film 14 of
the (n+2)th layer may be formed by using a silicon nitride film
(a SiIN film) to be formed by the plasma CVD method, for
example. In addition, among four layers of the insulator films
14a, 145, 14¢, and 14d to configure the interlayer-insulator-
film 14 of the (n+2)th layer, for example, the third insulator
f1lm also needs not to be formed by using the above-described
porous S10, film 14c¢. Further, the third msulator film of the
interlayer-insulator-film 14 of the (n+2)th layer may be
formed by using a polymethyl siloxane film, for example.

Furthermore, the S1C film 5a of the (n+1)th layer, the SiICN
film 14a of the (n+2)th layer, and the SiN film 324 of the
(n+3)th layer, which function not only as an etching stopper
but also as a reinforcement layer, needs not to be formed on
the lower layer sides of the respective via layers 12, 21, and
39, that are the first layers (the bottom layers) of the respective
layers. These respective films 5a, 14a, and 32a may be
tormed on the top layers of via layers 12, 21, and 39 of the
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respective layers, for example. That 1s, the respective films
5a, 14a, and 32a may be formed at the position contacting the
upper parts of each layer of the via plugs 6, 15, and 33 via the
barrier metal films. In other words, the respective films 3a,
14a, and 32a may be formed at the position contacting the
lower faces of the effective wirings 8, 17, and 35 of the
respective layers via the barrier metal film. Even 1n the case
that they are formed at such a position, the respective films 5a,
14a, and 324 can function as the reinforcement layer as 1n the
above-described first and second embodiments.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretfore, the invention 1n its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:
1. A semiconductor device comprising;

at least two layers of interlayer-insulator-films stacked
above a substrate and at least partially formed by a
low-relative-dielectric-constant-film having a relative-
dielectric-constant of 3.4 or less respectively;

a plurality of wirings provided, wherein at least one wiring
1s within each of the interlayer-insulator-film and at least
partially located within the low-relative-dielectric-con-
stant-films;

a plurality of plugs provided, wherein at least one plug 1s
within each of the interlayer-insulator-film and con-
nected to a lower part of the wirings; and

a plurality of reinforcement members provided, wherein at
least one reinforcement member 1s within each of the
interlayer-insulator-film while being separated from the
wirings at a predetermined interval, electrically cut from
the wirings and the plugs, and at least partially located
within the low-relative-dielectric-constant-films; and
wherein,

for each of the reinforcement member, a value obtained by
dividing an area of a part that 1s exposed on an upper face
of each of the interlayer-insulator-film by a length of a
part contacting each of the interlayer-insulator-film of
the part that 1s exposed on the upper face of each of the
interlayer-insulator-film 1s defined to be S;

a Young’s modulus of a respective layer on which the plug
1s provided among the interlayer-insulator-films 1is

defined to be E;

a Young’s modulus of a respective layer on which the
wiring 1s provided among the interlayer-insulator-films

1s defined to be E;;

a Young’s modulus of the wirings 1s defined to be E, ;;

a film thickness of a respective layer on which the plug 1s
provided among the interlayer-insulator-films 1s defined
to be d;

a 11lm thickness of a respective layer on which the wiring 1s
provided among the interlayer-insulator-films are

defined to be d;;

a coverage of the reinforcement member per unit area 1n an
arca 1n the interlayer-insulator-films where the rein-
forcement members are provided 1s defined to be R; and

the S, the Ep, the E,, the E,,, the d,, the d;;, and the R
satisly a relation shown 1n the following formula for
cach of the interlayer-insulator-film:
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EpXdp+ (Ew X{(1 =R)+ Ey xR)xdw]“-4
=

0.025 x( Dot dw

EpXdp+ (EwxX(1 =R+ Ey XR)Xdy )“-4

S < 0.0625 %
( dp + dw

2. The device according to claim 1, wherein

the S, the E,, the E, the E, ., the d,, the d,,,, and the R
satisly a relation shown in the following formula for
cach of the interlayer-insulator-film:

(prdp+(Ew><(1 — R+ Ey xR)xdw]“-4 3
dp+dw

EpXdp+ (Ew X{(l = R)+ Ey xR)xdw]0-4

S < 0.05
< X( dp-l-dw

3. The device according to claim 1, wherein

at least one layer of the layers on which the plugs are
provided and the layers on which the wirings are pro-
vided of the interlayer-insulator-films, comprises a
stacking film of at least two layers of insulator films;

a Young’s modulus of an 1-th mnsulator film from top or
bottom of this stacking film 1s defined to be E ;

a film thickness of the 1-th insulator film 1s defined to be d ;

a complex Young’s modulus that 1s a Young’s modulus of
the entire stacking film 1s defined to be E -;

a total film thickness of the entire stacking film 1s defined to
be d

the E, the d , the E -, and the d - satisiy a relation shown 1n
the following formulas;

Z Ed,

Er =~
C > d

(i: Natural number not less than 1)

dT=Zd;

(i: Natural number not less than 1)

a Young’s modulus of the entire layer formed by the stack-
ing film among the Young’s modulus E, of the layers
where the plugs are provided and the Young’s modulus

E .- of the layers where the wirings are provided 1is

defined to be the complex Young’s modulus E; and

a film thickness of the entire layer formed by the stacking
f1lm among the film thickness d, of the layers where the
plugs are provided and a film thickness d ;- of the layers
where the wirings are provided 1s defined to be the total

film thickness d .

4. The device according to claim 1, wherein

the coverage R of at least one layer among the interlayer-
insulator-films 1s different from the coverage R of other
layer.
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5. The device according to claim 1, wherein

the shape of the reinforcement member of at least one layer
among the interlayer-insulator-films are different from
the shape of the reinforcement member of other layer.

6. The device according to claim 1, wherein

the reinforcement members are provided to be located at
the same height as the wirings, at least partially contact-

ing the low-relative-dielectric-constant-films within the
interlayer-insulator-films.

7. The device according to claim 1, wherein

the reinforcement member 1s provided inside of each of the
interlayer-insulator-film with being separated from the
wiring by at least 2 um.

8. The device according to claim 1, wherein

a plurality of the remnforcement members are provided
surrounding the periphery of the wiring inside of each of
the interlayer-insulator-film.

9. The device according to claim 8, wherein

a closest interval between a region provided with the plu-
rality of the reinforcement members and the wiring
inside of each of the mterlayer-insulator-film 1s 250 um
or less.

10. The device according to claim 8, wherein

the plurality of the reinforcement members are arranged
regularly mside of each of the interlayer-insulator-film.

11. The device according to claim 1, wherein

the reinforcement members are formed so that a planar

shape thereof 1s any of a square shape, a rectangular

shape, a crisscross shape, a L-shape, a key-shape, a
T-shape, a mesh-like shape, a comb-like shape, a sheli-

like shape, and a fence-like shape.

12. The device according to claim 1, wherein

cach of the iterlayer-insulator-film comprises a stacking
film of at least one layer of the low-relative-dielectric-
constant-film and at least one layer of an msulator film
having a relative-dielectric-constant more than 3 .4.

13. The device according to claim 12, wherein

the plugs are provided with being partially contacted the
insulator films having a relative-dielectric-constant
more than 3.4 at least inside of the interlayer-insulator-
{1lms.

14. The device according to claim 1, further comprising:

at least one layer of other interlayer-insulator-film, entirely
formed by an msulator film having a relative-dielectric-
constant more than 3.4 and stacked continuously on the
interlayer-insulator-film of the upper layer among the
interlayer-insulator-films;

at least one other wiring provided within the other inter-
layer-insulator-film;

at least one other plug provided in the other interlayer-
insulator-film with being connected to the lower part of
the other wiring; and

at least one other reinforcement member provided 1n the
other interlayer-insulator-film with being separated
from the other wiring at a predetermined interval, and
clectrically cut from the other wiring and the other plug;
and wherein

for the other reinforcement member, a value obtained by
dividing an area of a part that 1s exposed on an upper face
of the other interlayer-insulator-film by a length of a part
contacting the other interlayer-insulator-film of the part
that 1s exposed on the upper face of the other interlayer-
insulator-film 1s defined to be S;

a Young’s modulus of a layer on which the other plug 1s
provided among the other interlayer-insulator-film 1s

defined to be E;
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a Young’s modulus of a layer on which the other wiring 1s
provided among the other interlayer-insulator-film 1s
defined to be E;

a Young’s modulus of the other wiring 1s defined to be E, ;

a film thickness of a layer on which the other plug 1s
provided among the other interlayer-insulator-film 1s
defined to be d;

a 1ilm thickness of a layer on which the other wiring 1s
provided among the other interlayer-insulator-films 1s
defined to be d;;;

a coverage of the other reinforcement member per unit area
in an area 1n the other interlayer-insulator-film where the
other reinforcement member 1s provided 1s defined to be
R: and

the S, the E,, the E;, the E, , the d,, the d;;, and the R
satisiy a relation shown 1n the following formula for the
other 1nterlayer-insulator-film:

EpXdp+ (EwX{(1l =R)+ Ey xR)xdw]“-4
<

0.025
X( dp+dw

EpXdp+ (EwX(1 =R+ Ey XR)Xdw )“-4

S < 0.0625 %
( dp+dw

15. The device according to claim 14, wherein
the S, the E,, the E,, the E, ,, the d,, the d,,, and the R
satisly a relation shown 1n the following formula for the

other 1nterlayer-insulator-film:

EpXdp+ (EwX(l =R+ Ey xR)xdw]“-4 3

0.03 %
( dp + dw

EpXdp+ (Ew X{(1l = R)+ Ey xR)xdw]0-4

S < 0.05 %
( dp + dw

16. The device according to claim 14, wherein

at least one layer of the layer on which the other plug 1s
provided and the layer on which the other wiring 1s
provided in the other interlayer-insulator-film comprises
a stacking film of at least two layers of msulator films;

a Young’s modulus of an 1-th insulator film from top or

T 1

bottom of said stacking film 1s defined to be E ;

the film thickness of the 1-th mnsulator film 1s defined to be
d.;

a complex Young’s modulus that 1s a Young s modulus of
the entire stacking film 1s defined to be E ;

a total film thickness of the entire stacking film 1s defined to

be d.;
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the E_, the d,, the E -, and the d-satisiy a relation shown 1n
the following formulas;

Z Ed,

E
C 54

(i: Natural number not less than 1)

dT:de

(i: Natural number not less than 1)

a Young’s modulus of the entire layer formed by the stack-
ing film among the Young’s modulus E_, of the layer
where the other plug 1s provided and a Young’s modulus

E - of the layer where the other wiring 1s provided 1s

defined to be the complex Young’s modulus E ~; and

a film thickness of the entire layer formed by the stacking
f1lm among the film thickness d, of the layer where the
other plug 1s provided and a film thickness d;;- of the
layer where the other wiring 1s provided is defined to be

the total film thickness d..

17. The device according to claim 14, wherein

the other reinforcement member 1s provided to be located
at the same height as the other wiring within the other

interlayer-insulator-film.
18. The device according to claim 14, wherein

the other reinforcement member 1s provided inside of the
other interlayer-insulator-film with being separated
from said other wiring by at least 2 um.

19. The device according to claim 14, wherein

a plurality of the other reinforcement members are pro-
vided surrounding the periphery of the other wiring
inside of the other interlayer-insulator-film.

20. The device according to claim 14, wherein

the other reinforcement member 1s formed so that a planar
shape thereof 1s any of a square shape, a rectangular
shape, a crisscross shape, a L-shape, a key-shape, a
T-shape, a mesh-like shape, a comb-like shape, a sheli-

like shape, and a fence-like shape.
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--interlayer-insulator-films--.

Claim 1, column 34, line 42, change “reinforcement member,” to --reinforcement
members, --.

Claim 1, column 34, line 44, change “interlayer-insulator-film™ to
--interlayer-insulator-films--.

Claim 1, column 34, line 45, change “interlayer-insulator-film™ to
--interlayer-insulator-films--.

Signed and Sealed this

David J. Kappos
Director of the United States Patent and Trademark Office
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Claim 1, column 34, line 47, change “interlayer-insulator-film™ to
--interlayer-insulator-films--.

Claim 1, column 34, lines 60-61, change “are defined” to --1s defined--.
* Claim 1, column 34, line 65, change “the Ep,” to --the Ep,--.

Claim 1, column 34, line 67, change “interlayer-insulator-film:” to
--interlayer-insulator-films:--.

Claim 2, column 35, line 12, change “interlayer-insulator-film:™ to
--interlayer-insulator-tilms:--.

Claim 3, column 35, line 36, change “formulas” to --formulas:--.
Claim 5, column 36, line 3, change “are different™ to --1s different--.

Claim 7, column 36, line 12, change “interlayer-insulator-film™ to
--interlayer-insulator-films--.

Claim 8, column 36, line 17, change “interlayer-insulator-film.”™ to
--interlayer-insulator-films.--.

Claim 9, column 36, line 21, change “interlayer-insulator-film™ to
--interlayer-insulator-films--.

Claim 10, column 36, line 25, change “interlayer-insulator-film.” to
--interlayer-insulator-films.--.

Claim 11, column 36, line 29, change ““a L-shape,” to --an L-shape,--.

Claim 12, column 36, line 33, change “interlayer-insulator-tilm™ to
--interlayer-insulator-films--.

Claim 13, column 36, line 39, after “partially contacted”, insert --with--.
Claim 16, column 38, line 2, change “formulas;” to --formulas:--.

Claim 20, column 38, line 45, change ““a L-shape,” to --an L-shape,--.
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